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ADVANCED TRANSFORMER DEMONSTRATION AND VALIDATION

SUMMARY REPORT BASED ON EXPERIENCES

AT NAVAL AIR STATION. NORTH ISLAND

SAN DIEGO, CALIFORNIA

1. INTRODUCTION

The Idaho National Engineering Laboratory (INEL) and the Naval Civil

Engineering Laboratory (NCEL) are cooperatively participating in an advanced

transformer demonstration and validation program. This task is part of a

polychlorinated biphenyl (PCB) Mitigation and Risk Management Assessment

Program being performed at the Naval Air Station, North Island (NASNI) in San

Diego, California. This report details the specific lessons learned during

the NASNI installations to date and addresses the advantages and disadvantages

of these transformers for Navy use.

As a part of this program, eight efficient, low-loss cast coil (CC) dry-

type transformers, one vacuum pressure impregnated (VPI) transformer, and one

low-loss amorphous core transformer were installed at the NASNI to replace

existing PCB-filled transformers. The specific advantages and disadvantages

of each type of transformer are discussed in the following sections.



2. BASE HISTORY

The electrical distribution system currently in operation at the NASNI

contains several hundred devices, several of which are filled with PCB-
filled/contaminated insulating fluid. The continued use of PCBs as a

electrical device insulating liquid was outlawed in late 1977, and the NASNI
is faced with retrofilling or retrofitting the remaining PCB devices

(transformers, capacitors, oil switches, and oil-filled circuit breakers).

The PCB transformers are installed in locations including pole mounts,
vaults, and various power distribution system locations; many transformers are
located near the ocean. Transformers near the ocean are sensitive

installations because of the hazardous location and the extreme environ,. ntal

risks associated with either transformer fires or leaks involving a PCB
liquid-filled device near or over the ocean. Most of the NASNI boundaries are

surrounded by water. The salt laden air is very corrosive to electrical

devices. These criteria were seriously considered during the replacement
process and new transformers were installed that greatly reduced or eliminated

the safety and environmental concerns associated with the older PCB-filled

units.

The INEL supervised the replacement and load consolidation of 13 PCB
transformers with 10 new advanced technology transformers during this portion

of the Mitigation and Risk Management Program. The locations and sizes of

these units are identified in Table 1.
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Table 1. Locations and sizes of transformers installed during the NASNI
Advanced Transformer Demonstration and Validation Project

Building Units Removeda Units Installedb Comments
94 1-500 kVA PCB 1-750 kVA CC 2 for 3 replacement

2-112.5 kVA PCB 1-300 kVA CC oil switches removed

342 1-112.5 kVA PCB 1-112.5 kVA CC I for 1 replacement

378 1-1000 kVA PCB 1-750/1000 kVA CC 3 for 3 replacement
2-500 kVA PCB 2-500 kVA CC

379 3-167 kVA PCB 1-300 kVA VPI 1 30 for 3 10 replacement

472 1-1500 kVA PCB 1-1500 kVA CC I for 1 replacement

473 1-112.5 kVA PCB 1-112.5 kVA AC 1 for 1 replacement

489 1-1500 kVA PCB 1-1500 kVA CC I for I replacement

a. PCB = existing PCB-filled unit.

b. CC = cast coil
AC = amorphous core
VPI = vacuum pressure impregnated.
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3. PRCJECT SUPPORT AND ADMINISTRATION

The following sections detail several project support tasks and

administrative elements that were completed during this project.

3.1 Specfications

Two transformer specifications (EG&G ES-51333 Rev. B and ES-51334

Rev. B) were written by the INEL. Specification ES-51333 details the

construction and installation requirements for liquid-filled transformers, and

Specification ES-51334 details the construction and installation requirements

for cast coil and VPI transformer: Data sheets and design details for each

transformer installation were incluoed in both specificdtions. This enabled

the INEL engineering team to make device selections that met the particular

facility needs and optimized the research element around which this project

was centered. The specifications required the manufacturer to perform some
nontypical factory testing on the new transformers, field testing on the old

transformers being removed, and field testing on the new transformers being
installed to support the ongoing advanced transformer evaluation work. The

specifications are included in Appendix A of this report.

Appendix B contains the final acceptance testing reports of the ABB

Service Company 112.5 kVA amorphous core transformer, the National Industri

cast coil transformers, the Square-D 300 kVA VPI transformer, and transformer

schematic drawings.

3.2 Subcontracts

Three subcontracts were awarded during this project. Subcontract No.

C90-132540 was awarded to Square D Company for manufacturer and installation

of one 300 kVA VPI transformer. Subcontract No. C90-132708 was awarded to ABB

Service Company for manufacturer and installation of the nine remaining

transformers. Subcontract No. C90-132830 was awarded to Rollins Chempak for

destruction of the PCB fluid and transformer carcasses. All certificates of

destruction of the PCB fluid and carcasses were issued to the San Diego Public
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Works Center (PWC). Appendix C contains operating and maintenance manuals and

product information for the transformers and their supporting instrumentation.

3.3 Field Office

An INEL field office was established as part of the PCB Mitigation and

Risk Management Program before the transformer installations. This office

served as a common point for the manufacturers and their subcontractors to

coordinate activities with both the Navy PWC and the INEL and supported

coordination with other NCEL tasks being performed concurrently at the NASNI.

3.4 Quality Assurance

Quality assurance is a requirement during both the manufacturing process

and installation. The possible consequences of failures caused by poor

quality assurance can easily exceed the cost of a consistent quality assurance

program. The INEL performed a comprehensive field quality assurance

engineering program during the course of this project. The program included

supervision during factory testing, field testing, and installation of the new

transformers. This program verified that these objectives and specifications

of the retrofit program were adequately met.

3.5 Timing and Coordination

The INEL and NCEL were responsible for project and outage coordination

and planning. INEL and NCEL coordination for this project was minimized

because the contractors delivered a turn-key product. Thus, the riggers,

hazardous waste handlers, and installers were coordinated by the prime

contractors (manufacture"-s). The Navy PWC and INEL interfaced with the

manufacturers to coordinate the outages and installations.

A majority of this project was conducted during the Persian Gulf Crisis.

This contributed significantly to the amount of planning required to complete

the changeouts without impacting Base operations. The INEL resident engineers

negotiated facility power outages with the Navy PWC and the manufacturers to

5



minimize the impact to the Base. The INEL resident engineers also arranged

base access and clearance for the manufacturers and their subcontractors.

3.6 Documentation

These installations removed and replaced PCB-filled devices with new

high efficiency, new technology transforme.'s. The PWC has been notified, and

it is recommended that both the records of the PWC and the fire department

should be updated to reflect the removal of PCBs from these locations.

3.7 Security

Security is a major concern on the Navy Base. Compliance with security

measures is mandatory and requires a substantial amount of time. Security on

Base was increased substantially during the Persian Gulf Crisis. Proper

procedures were followed to arrange for access and clearances for those

personnel performing the installations. Advance arrangements reduced delays

and made it easier for contractors to obtain access to the installation sites

on Base.

Some facilities have minimum levels of security while others are tightly

controlled. During this project, all operations went smoothly because of the

preplanning and communication with security personnel and the coordination

with the Naval Air Rework Facilities and PWC personnel.
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4. HARDWARE INSTALLATION

4.1 Building 94

The Building 94 installation consisted of removing three existing PCB-

filled transformers (as identified in Table 1) and replacing them with two new

cast coil transformers. The three existing units were removed from

Building 94; they were located on an overhead mezzanine (Pad 2) approximately

35 ft above finished floor. This installation was performed beginning at 1630

hours on September 26, 1990, and concluded at 1630 hours on

September 28, 1990.

Before the outage, the new 750/1000 kVA cast coil dual rated outdoor
unit substation transformer with a new 15 kV primary fused switch was set in

place on a new concrete pad outside of Building 94. The contractor performed

as much electrical work before the outage as the job would allow. This

minimized the outage requirements for the installation.

The 750/1000 kVA transformer has a 2400 V/12000 V reconnectable primary

winding constructed using five sections. The five sections are connected in

series for the 12000 V configuration and in parallel for the 2400 V

configuration. Vertical busses mounted external to the coils are used to make

the series/parallel connections. High voltage taps are provided on the

primary 12000 V configuration only. The unit was installed in the 2400 V

configuration by extending the existing 2400 V feeder from the mezzanine to

the new outside location. The existing 2400 V distribution systems are

currently being upgraded to 12 kV by the Navy. The dual voltage transformers

make the transition from 2400 to 12000 V in the facilities more cost

effective. New secondary switchgear was also installed on this unit

substation to feed the existing loads and the new 300 kVA transformer. The

300 kVA transformer is fed by the 480 V output of the 750/1000 kVA

transformer. The secondary voltage of the 300 kVA unit is 208/120 V and will

be used to feed one existing 208 V panel and one existing 240 V panel. The

INEL addressed the option of providing only 208 V to the 240 V panel with the

San Diego PWC. The PWC stated that all existing 240 V loads would operate

acceptably at the reduced voltage.
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This installation presented the contractor with several unique

difficulties. Most importantly, the existing PCB-filled transformers were

located approximately 35 ft over an aircraft rework facility. Extreme care

had to be taken to protect the adjacent aircraft and shop equipment from any

physical or environmental damage while removing the hazardous -.Jaste (liquid

and solid) and installing the new electrical equipment. In addition, with the

conflict in the Persian Gulf, the operations of this aircraft rework facility

were intensified. This placed added pressure on the construction crew to

minimize outage and installation time. Extensive planning was needed to avoid

problems and outage extensions that would have caused significant impact to

the facilities operations.

In spite of several interim problems that were encountered during this

installation, ABB Service Company was able to react quickly to the directions

of the Navy and the INEL field engineer to successfully complete the task.

4.2 Building 342

The Building 342 installation consisted of removing an existing

112.5 kVA PCB transformer and replacing it with a new 112.5 kVA cast coil unit

substation transformer with a dual voltage primary winding (2400 and

12,000 V). The existing oil fused cutouts were also removed and replaced with

a new 15 kV fused switch. This installation was performed beginning at 0600

hours on December 15, 1991, and concluded at 0600 hours on December 16, 1991.

The new transformer was initially installed in the 2400 V configuration.

The dimensions of the new transformer required that the concrete pad be

extended and the safety fence be modified. The concrete and fence work was

performed after the new transformer was energized. No other problems were

encountered during this installation.

4.3 Buildinq 378

The Building 378 installation consisted of removing three existing PCB

transformers in three different locations (pads 378-1, 378-2, and 378-6);

8



replacing them with three new cast coil transformers in two locations; and

consolidating power feeders.

The pad 378-1 installation is located in a vault and consisted of

removing a 1000 kVA PCB transformer and two PCB-filled voltage regulators and

replacing them with a 1000 kVA cast coil transformer and a 500 kVA

transformer. The transformer that was removed had a 2400 V primary and a

208 V secondary. The primary voltage to the vault was upgraded to 12 kV by

tapping into an existing pothead in pad 378-2. The new 1000 kVA cast coil

transformer was constructed as a unit substation with a new 15 kV fused switch

and 480/277 V secondary switchgear. The secondary of the new transformer was

480/277 V grounded wye. The 500 kVA cast coil transformer was installed in

the vault to step down the output of the 1000 kVA unit from 480 to 208 V. The

output of this second unit was connected to the existing 208 V switchgear.

The pad 378-2 installation consisted of removing a 500 kVA PCB

transformer and feeding the panel from the new switchgear on the 1000 kVA

transformer in vault 378-1. No new transfo" ýr was installed at pad 378-2. A

local main disconnect breaker was retrofitted to the back of the existing load

panel, and new supports had to be fabricated to support the load panel that

was originally mounted directly to the PCB transformer. This load

consolidation reduced the power losses, reduced the transformer cost, and

provided environmentally safe and efficient power delivery.

The pad 378-6 installation consisted of a direct one-for-one replacement

of a 500 kVA PCB transformer with a new 500 kVA cast coil transformer. The

existing secondary switchgear and primary air interrupter switch were reused.

The new transformer was physically larger than the original unit; thus, the

concrete pad had to be extended. The size increase is common when liquid-

filled transformers are retrofitted with dry-type transformers. During this

installation it was noted that the insulation on the existing conductors

connecting the primary switch to the transformer was in poor condition;

therefore, the conductors were removed and new conductors were installed.

This installation required a great amount of planning. Very little work

could be performed before the outage because of the space limitations in the

9



facility. The doorway entering the vault was slightly smaller than the

dimensions of the old transformer that was to be removed. Thus, the

contractor needed to cut one of the termination throats from the transformer.

A significant problem was encountered during this process. The contractor

failed to clean the inside of the throat before using the cutting torch. The

bushings inside the throat had leaked transformer fluid into the throat and

the fluid contained PCBs. The material began to smoke immediately after heat

was applied. The contractor was immediately stopped. The environmental waste

handling crew then cleaned the throat with solvent to remove the PCBs. Once

the throat had been cleaned, the PWC environmental office inspected the throat

and gave the contractor permission to complete the cut, which was completed

without further incident. The existing 2400 V feeder (three conductor lead

sheathed cable) to the old transformer in vault 378-1 could not be removed and

had to be capped and abandoned in placed. The contractor attempted to remove

the cable and could not pull it. The San Diego PWC stated that the cable

should be capped and abandoned in place.

4.4 Building 379

The Building 379 installation consisted of removing three existing

167 kVA PCB-filled, single phase, polemount transformers that were connected

in a three phase bank and replacing them with a single 300 kVA Square D

Company VPI dry-type transformer. This task also involved removing another

PCB-filled transformer from the roof of Building 379. The loads, which were

fed by this transformer, were then alternately fed using another existing

transformer. Ultimately, four PCB transformers were removed from the facility

and replaced with a single modern dry-type transformer. The Square D Company

hired a local subcontractor (Chula Vista Electric) to perform the actual

removal and installation.

The new 300 kVA transformer is uniquely constructed with a dual rated

primary winding. The winding can be connected in a 2400 V or a 12000 V delta

configuration. The new transformer was installed in the 2400 V configuration

using the existing oil filled cutouts.

10



The original installation was very congested. The three 167 kVA

transformers were packed into a very confined space on an overhead wooden

mezzanine with little or no clearance for maintenance personnel. The new

transformer was constructed to slip into the installation without having to

modify the roof support structure. The new installation provides a clean

transformer enclosure design and small size, allowing adequate clearance

around the unit so maintenance can be performed on the unit. Installing this

unit involved an intricate rigging configuration that had to be well planned.

The installation went smoothly without incident.

4.5 Building 472

This installation is in a corrosive environment. The transformer and

primary and secondary switchgear are located between two stack assemblies.

The moisture and corrosives emanating from the stacks have caused extensive

corrosion to the existira transformer enclosure and the existing primary and

secondary switchgear. task involved removing the existing 1500 kVA PCB-

filled transformer and rEplacing it with a new 1500 kVA cast coil ventilated

dry-type transformer with future forced air provisions. Cast coil

transformers are extremely resistant to corrosives and are environmentally

inert; thus, the new transformer could be installed in the same location as

the old unit. New code requirements require a substantially greater distance

between the facility and a standard oil-filled transformer. A new mineral-oil

filled transformer could not have been installed without performing

substantial facility modifications. The high efficiency cast coil dry-type

transformer was installed outside on the exiting pad without any facility

modification. This installation was performed on November 3 and 4, 1990, by

ABB Service Company and their subcontractors.

4.6 Building 473

The installation at this facility was delayed. The specification

detailed the design requirements of the new transformer; however, the

contractor manufactured the new extremely high efficiency amorphous core

transformer with the wrong secondary voltage. A new transformer was

manufactured and was installed on February 22, 1992. Building 473 was a prime

11



candidate for an amorphous core transformer. The building was being served by

a 112.5-kVA PCB liquid-filled transformer that was lightly loaded.

The transformer no-load loss (core loss) remains constant at all levels

of transformer loading. The load loss, however, increases proportionally to

the loading. Under lightly loaded conditions. the no-load loss comprises a

more significant portion of the total losses of a transformer. Building 473

is only occasionally heavily used and typically has minimal loading. The

extremely low no-load loss of the amorphous core transformer will reduce the

power consumption at Building 473 considerably. No problems were noted during

this final installation.

4.7 Building 489

The original 1500 kVA transformer feeding Building 489 failed and the

replacement was added to this project. Following the failure, the failed unit

was removed and a temporary 3750 kVA unit substation transformer was installed

by the Navy PWC. This unit provided temporary power to the facility until

this permanent replacement was installed. The existing 15 kV class primary

switch had been damaged during the transformer failure but had to be rebuilt

and placed back into service concurrent with installation of a new

transformer.

This installation began with the r°-.oval of the 3750 kVA temporary

transformer. The San Diego PWC removed t-,e temporary 3750 kVA unit. A new

1500 kVA cast coil transformer was then installed by the ABB Service Company.

The new unit has a 12000 V delta primary and a 480/277 V grounded wye

secondary. The original 15 kV fused switch was rebuilt by the ABB Service

Company id placed back into service with the new transformer. The ABB

Service C3mpany had not anticipated needing new fuses for the primary switch

and had to obtain them before the new transformer could be energized. No

other problems were identified during this installation.

12



5. TYPES OF TRANSFORMER CONSTRUCTION

Cast coil transformers provide an acceptable and preferable alternative

to PCB transformers. They are self-extinguishing and, therefore, offer high

levels of fire safety compared to liquid-filled transformers, they are

efficient, and they perform exceptionally in the corrosive environments common

to Navy installations.

Liquid-filled transformers have been used for severe duty applications

for many years. High fire point insulating liquids allow the use of liquid-

filled transformers in locations where there is a risk of fire. The most

commonly used high fire point liquid is commonly referred to as Askarel and is

primarily comprised of PCBs. Use of PCBs was outlawed in 1977 because of

health problems, primarily caused from the by-products of combustion of these

fluids such as furans and dioxins. Thus, alternative transformer types or

fluids must be used.

The primary alternatives for PCB-filled transformer replacements are

"less flammable" liquid-filled transformers (insulating liquids with a minimum

fire point of 300°C are classified as "less flammable" by UL and Factory

Mutual) and dry-type transformers. The first alternative, "less flammable"

liquid insulated transformers, is a good alternative but will not work in all

locations. For example, certain restrictions or requirements apply when

installing liquid-filled transformers. There are several currently available

"less flammable" transformer insulating liquids. They are typically high

molecular weight hydrocarbons. The second alternative is to use dry-type

transformers. "Less flammable" liquid-filled transformers are not an option

where vault requirements or fire codes restrict their use.

There are two general dry-type transformers to evaluate: standard and

CC. The standard dry-type transformers, open wound and VPI, are not designed

to withstand the stress, use, and physical abuse of a comparable liquid-filled

transformer. Issues such as temperature rise, basic impulse level, and short-

circuit strength are common weaknesses of standard dry-type transformers when

compared to liquid-filled transformers. However, cast coil dry-type

transformers perform with ratings equal to or greater than those of comparable

13



liquid-filled designs. The following characteristics of liquid-filled and

cast coil dry-type transformers were compared:

* Basic impulse level

• Sound level

* Short time overload capability

* Weight

* Thermal rating (temperature rise capability)

* Load losses.

In all cases, cast coil transformers met or exceeded liquid-filled

transformer parameters for these characteristics.

5.1 Cast Coil Transformers

Cast coil transformers are dry-type transformers with vacuum cast coil

assemblies. The manufacturers of cast coil transformers use two basic methods

of coil construction. One design uses fiberglass cloth to provide mechanical

support along with a thin layer of epoxy encapsulation. The other design uses

a thick layer of silica-filled epoxy to provide both the dielectric and

mechanical strength.

Cast coil transformers are available with both copper m nd aluminum

conductors. The aluminum units are somewhat less expensive to manufacture but

typically are larger and less efficient. The design that uses the thin layer

of epoxy requires that the coils must be cast in precision molds (i.e., they
require high quality control). This requirement for precision molds depends

directly on the design of the coils and adds significantly to the mold

fabrication cost. The manufacturers that use precision molds are typically

limited to building only the coils for which they have molds, and they

typically cannot build custom units. This is a problem for loss evaluated

units in which a larger amount of conductor is used in the coils to reduce the
resistive losses. The manufacturers that use the thick epoxy have more

flexibility because they can often afford to build a mold or use an existing

mold for a custom transformer if needed.

14



These types of transformers are currently available with either copper

or aluminum windings to sizes of approximately 10,000 kVA.

For additional information on cast coil transformers refer to EG&G

reports EGG-2591, February 1990, Cast Coil Transformers Fire Susceptibility

and Reliability Study, and EGG-EE-8652, August 1989, Cast Coil Transformer

Summary Report Based on Experiences at Norfolk Naval Base.

5.2 Vacuum Pressure ImpreQnated/Encapsulated Transformers

Vacuum pressure impregnated/encapsulated (VPI/E) transformers are dry-

type transformers with coils that are impregnated (or encapsulated) with a

silicone, polyester, or epoxy resin while under vacuum. The resin is intended

to provide a barrier against moisture, dust, and corrosives and increase

overall coil insulation. The relatively thin resin coating does not provide

added mechanical strength as does the CC. The vacuum pressure encapsulation

process was specifically developed for the Navy to improve impregnation and

moisture resistance of the windings. This enabled the Navy to use high

voltage dry-type transformers aboard ships especially in the high moisture

environment. These types of transformers are currently available with either

copper or aluminum windings to sizes of approximately 10,000 kVA.

5.3 Liquid Filled/Amorphous Core Transformers

Liquid-filled amorphous core transformers are currently being produced

in industry from 15 to 2500 kVA. These extremely efficient transformers have

a significantly reduced magnetic loss characteristic. The only difference

between the typical and amorphous core liquid-filled transformer is in the

core construction.

Amorphous metals, developed and patented by Allied Corporation under the

trade name of Metglas, are a new class of metallic materials. Unlike other

metals or alloys of metals, amorphous metals do not have grain structure; they

are more characteristic of glass. When normal metals or alloys cool from the

molten state, the atoms arrange themselves into an orderly lattice of

crystals. The intercrystalline boundaries play a major role in the hysteresis
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losses experienced by steel when subjected to the alternating current in a

transformer. In the Metglas process, an alloy of iron, boron, and silicon is

cooled at approximately I million "C/s. This rapid cooling causes the atoms

to arrange themselves in a random fashion as they do in glass, rather than in

the highly structured crystalline lattices found in metals. The end result of

this process is a material that, used in the core of a transformer, cuts the

no-load losses to about 25 to 40% of the losses of an equivalent silicon-steel

core.

For more information on Amorphous Core Transformers refer to NCEL

Report N-1801, August 1989, 25 kVA Amorphous Metal-Core Transformer

Developmental Test Report, and EGG-EE-8748, June 1991, Retrofill/Retrofit

Study of PCB Electrical Transformers U.S. Navy Public Works Center Pearl

Harbor, Hawaii.
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6. RECOMMENDATIONS AND CONCLUSIONS

re San Diego Advanced Transformer Evaluation and Validation Project was

completed successfully. It would be useful to consider these recommendations

for future transformer installation and operation:

Provide on-line documentation and tracking for the replaced

transformers. This information must be provided to the PWC, the

fire department, and any other organizations who need it so that

their records can be updated to show that the hazardous wastes

(PCBs) have been mitigated.

A previous incider at the Norfolk Naval Base involved a PCB

transformer that had been replaced with a new transformer. The

new unit caught on fire, and the fire department would not enter

the vault to put the fire out because their records listed the

unit at PCB filled. The damage to the unit and vault could have

been reduced substantially if the proper records would have been

updated.

Install cast coil transformers in environmentally sensitive areas

and areas with high power rates. They also are excellent for use

in facilities that experience cyclical loads where the

transformers are or can be shut down for long periods of time or

when varying loads are experienced.

Evaluate amorphous core transformers when life-cycle costs

indicate that small increases in purchase price will be recovered

by the reduced losses of the transformer.

Conduct a follow-on study on the VPI transformer installed in

Building 379. The operational data will provide the Navy with

verification of the performance of a VPI transformer in a shore-

based Navy application.
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Thoroughly investigate the replacement sites for access, floor

space, and other interface requirements that could possibly cause

problems during the installation. Any findings should be pointed

out to the contractors before installation to minimize impact.

Strictly monitor the installation schedule and coordination with

the PWC. Ensure that all aspects are properly scheduled and that

all needed resources and personnel are available.

Strictly monitor the contractor to ensure that all areas are

thoroughly cleaned after the installations are complete and that

all materials and debris are removed from the job site.

The transformer installations illustrate technology evaluation,

operational performance, fire code compliance, and sizing. These types of

transformers each have their specific applications and advantages and serve as

excellent replacements for PCB-filled/contaminated transformers in Navy

a:.iications. Each of the types of transformers demonstrated during this

project will provide the Navy with environmentally safe and efficient power

delivery alternatives to PCB-filled transformers.
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SPECIFICATION
FOR THE PURCHASE AND INSTALLATION OF

LIQUID FILLED TRANSFORMERS AT THE

SAN DIEGO NAVAL FACILITY

I. SCOPE

1.1 Sco•pe. This specification covers the design, fabrication, testing,

installation, and inspection of new liquid filled, power transformers and

the removal of the existing polychlorinated biphenyl (PCB) filled

transformers, handling of PCB fluid, and obtaining the permits required

for hauling hazardous waste. The intent is to make a turnkey replacement

with advanced technology transformers including any equipment needed to

replace the existing transformers. They will be used to provide the Navy

with performance data on these advanced technology devices.

1.2 Applicability. It is not the intent to specify details of design and

construction except where necessary to establish performance requirements,

nor is it intended to set forth those performance requirements, which are

adequately specified in applicable standards.

All components of the transformers shall function in a satisfactory

manntr within their rated capacity under the specified service conditions
regardless of whether all necessary specific performance requirements are

set forth herein or in applicable standards.

2. APPLICABLE DOCUMENTS

The following documents form a part of this specification to the

extent specified herein. The issue of a document and amendments in effect

on the date of publication of this specification shall apply.
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ANS- S .7 12.00 General Requirements for Liouid 7mmersed

Cistribution Power and Regulating Transformers

ANS-C57 12.13 Requirements for Conformance Liquid Filled

Transformers Used in Unit Installation including

Unit Substations

ANSI-C57 12.27 Conformed Requirements for Liquid Filled

Transformers Distribution Used in Pad Mounted

Installation, including Unit Substations

ANSI-C57 12.80 Terminology for Power and Distribution

Transformers

ANSI-C57 12.90 Test Code for Liquid Immersed Distribution, Power,

and Regulating Transformers

ANSI-C57 12.91 Test Code for Dry Type Distribution and Power

Transformers

C2-1989 National Electrical Safety Code

ANSI-C57-13 Requirements for Instrument Transformers

Z35.1 Specifications for Accident Prevention Signs

2.2 American Society of Testing and Materials (ASTM).

ASTM D 92-78 Flash and Fire Points by Cleveland Open Cup

ASTM 0-877 Dielectric Breakdown Voltage of insulating Liquids

ASTM 0-923 Sampling Electrical Insulating Liquids
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ASTM D-:24 Dwer Fa:c:r and Cielectric Constant

ATM -974 Neutralizat'on NUDber

ASTM O-533 Water in Insulating Liquid

ASTM D-2225 Methods of Testing Silicone Fluids Used for

Electrical Insulation

ASTM D-3487 Mineral Insulating Oil Used in Electrical

Apparatus

ASTM D-4652 Standard Specification for Silicone Fluid Used for

Electrical Insulation

2.3 National Electric Manufacturers association (NEMA).

NEMA TRI-1974 Transformers, Regulators, and Reactors

2.4 National Fire Protection Association (NFPA) Publication.

NFPA 70 National Electrical Code

2.5 Others.

IEEE 400-1980 IEEE Guide for Making High Direct Voltage Tests on

Power Cable Systems in the Field

NEESA 20.2-028a PCB Compliance, Assessment, and Spill Control

Guide

OPNAVINST 5090.1 Environmental and Natural Resources Protection

Manual

29 CFR General Industry Safety and Health Standards
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40 C R 293 Standards Applicable to Transporters of Hazardous

Was'e

40 CFR 172 Hazardous Materials Tables and Communications

Standards

49 CFR 173 General Requirements for Shipping and Packaging

40 CFR 761 Polychlorinated Biphenyls (2979)

PWC San Diego Utility Standards

California CAC

Title 22,

Division 4 Environmental Health

MIL-P-28641 Primer Coating, Vinyl Chlorine Acetate, Copolymer,

High Build (for steel and masonry)

MIL-Q-9858A Quality Program Requirements

•. TECHNICAL REQUIREMENTS

3.1 Gene-al. The transformers shall have low loss metal core and shall

be three pnase, three-winding, fluid-immersed, self-cooled, dead front,

suitable for installation ir--ors or outdoors, or as specified in the

individual data sheets in Appendix A. They shall have primary and

secondary compartments that shall enclose all termination devices so that

no live parts are exposed when the transformer is energized. Unit

substation transformer installations are exempt from the dead front A

requirement. The transformer and installation shall meet all applicable

recuirements of the ANSI, ASTM, NEC, and NEMA publications as specified
herein. The transformer shall be of new construction. The successful

bidaer shall be responsible for all field modifications and measurements

and provide installation and checkout, and turn the transformer over to
the operations department, PWC San Diego, throuch the EG&G !daho, Inc.

Resident Engineer ready for operation.
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3.2 E ectrzal 0D-Aucts. All materials, appliances, equipment, or

devices shall be new and conform to the applicable standarts of the

Underwriter's Laboratories, Inc. (UL) and applicable chapters of the

National Electrical Code (NFPA 70), where such standards exist. All

materials, appliances, equipment. or devices shall be listed and/or

labeled by UL, where such standards exist.

3.3 Condition of Products. Except as otherwise indicated, new electrical

products free of defects and harmful deterioration shall be provided at

the time of installation. Each product provided shall be complete with

trim, accessories, finish guards, safety devices, and similar components

specified or recognized as integral parts of the product, or required by

the governing regulations.

3.4 Uniformity. Where multiple units of a product are required for the

electrical work, identical products shall be provided by t'e same

certified and approved manufacturer without variations except for sizes

and specific variations as indicated.

3.5 Test Point Observation. The successful bidder shall supply EG&G

Idaho with a flow sheet for the manufacture of each transformer indicating

all test points. The successful bidder shall notify EG&G Idaho, in

writing, of the date that each test will be conducted at least 14 days

before that test and will admit EG&G Idaho and government representatives

to witness the tests.

3.6 Performance Requirements. Each transformer shall comply with the

following performance requirements as specified in ANSI-C57 12.00, except

as noted in the data sheets in Appendix A.

Transformer Rating As specifed in Appendix A.

Auxiliary Cooling Forced air provisions, fan mounts, and

temperature sensor access points as a

minimum shall be provided for future.

Refer to the data sheets in Appendix A for

special instructions.
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Pri¶ary Voltage As soecified in Appenc~x A. Note sDecial

dual voltage requirements.

Primary Connection As specified in Appendix A.

Frequency and Phase 60 Hertz, 3 Phase

Secondary Voltage As specified in Appendix A.

Secondary Connection Wye connection with neutral to be brought

out through an insulated bushing with

external ground strap.

Insulating Liquid The insulating liquid shall be "less

flammable" as defined in the NFPA with

284"C minimum flashpoint and 312'C

minimum firepoint and shall have less than

30 ppm water content per ASTM 0-4625. The

liquid shall be as specified in the data

sheets; however, evaluated options of

alternatives will be considered if they are

to the best advantage of the U.S.

Government.

Silicone liquid with 300"C minimum

flashpoint and 340"C minimum firepoint

and shall have less than 30 ppm water

content per ASTM 0-4652. Askarel and

insulating liquids containing PCBs shall

not be provided.

or

The insulating liquid shall be RTEMP with

284"C minimum flashpoint and 312"C

minimum firepoint and shall have less than

5 ppm water content.
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Insulating Paper There shall be less than I% moisture by dry

weight in the paper insulation.

Temperature Rise 55"C per NEMA TRI-1974.

Taps - No Load Minimum of five full capacity high voltage

taps (two 2-1/2% taps above and two 2 1/2%

taps below normal voltage and tap position

indicators).

Insulation Levels

Primary Voltage 95 KV BIL for Insulation Class 15 KV and 75

KV BIL for Insulation Class 5 KV. Based on

specific voltage ratings, which are in the

data sheets in Appendix A.

Secondary Voltage 30 KV BIL for Insulation Class 600 V. For

specific voltage ratings, see the data sheets

in Appendix A.

Core Material The core shall be constructed of low loss

(General) silicon steel sheets except where specified

as amorphous. The specific type of low loss

silicon steel is to be determined by the

manufacturer to meet the lowest total

operating costs and optimize no-load losses.

However, the intent of this replacement

program is to install advanced technology

transformers wherever it is economically

feasible. The use of amorphous metal, laser

etched steel, or other advanced technology

core material is encouraged in order to meet

low operating cost criteria.
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Core Material Tke foilow4no app1aes to thCse t-arsForýes

(Amorphous) secified as ac e,,-cus core. The transfor7e'

shall be constructed of low loss amorphous

metal. The complete core assembly shall Le

fully encapsulated with a protective coating

of approved material to eliminate sharp edCes

and prevent flaking particles from entering

the coolant during normal operation. The

no-load losses shall be less than 45% of

those no-load losses of comparable silicon

steel core designs. It is known that a wound

core is standard. However, a few of the

options in the data sheet specifically

require stacked core. This stacked core will

be treated as a research project to get a
"new" technology unit. The other amorphous

core device can be wound (or stacked) at the

manufacturer's discretion.

Impredance As specified in the data sheets in appendix A

with the following guidelines:

1. The minimum allowable impedance for

transformers 750 KVA and above is 4.0

percent.

2. The minimum allowable impedance for A

transformers 500 KVA is 3.5 percent.

3. The tolerance is +/- 7 1/2 % except for

the transformers with dual rated primaries

which shall have an impedance tolerance of

+/- 10 %

No-Load Loss The no-load losses (core losses) shall be

optimized per the evaluation formula provided

in the bid package/Request For Proposal

(RFP).
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Load Loss The load losses (winding losses) shall be

optimized per the loss evaluation formula

provided in the bid package,/RFP.

Sound Level Shall not exceed noise level per NEMA

standards.

3.7 Environmental Cond;tions.

Elevat- 50 feet above sea level

Location Indoor/outdoor (See Appendix A.)

Temperature Range 0"C to 40"C

3.8 Accessories. The transformer shall have the following accessories as

a minimum. The accessories shall be constructed and located as described

in ANSI-C57 12.00.

Elbow terminators, fuses, load break switches, and tap

changers as called out in Section 3.6, primary connection

section, and per individual data sheets in Appendix A.

* Magnetic liquid level gauge with 25"C level marking.

Dial type thermometer with alarm contact of sufficient

capacity to control the future fan contactor and an additional

contact for a future utility control system.

Pressure - both a vacuum bleeder device and a high volume

pressure relief device rated at a minimum of 100 SCFM at

15 psi. Additional pressure relief capacity will be required

and installed per UL classification, if RTEMP fluid is used.
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1 *nch NPT toss and plug in tank top situated such that a 1//2

inch fiberglass instrument rcd could be inserted (in the

future by others) into the fluid (straight down) without

contacting any part of the bus or core assembly.

Upper Filler Connection - I inch nipple with plug.

* Drain Valve - 1 inch globe valve.

Lower Sampling Valve - min. 3/8 inch at tank bottom (may be

part of drain valve assembly).

Upper Sampling Port - min. 3/8 inch boss in tank wall and

valve (with cap) approximately 1 inch below top fluid level to

allow future diagnostic instrumentation access (by others).

Lifting, moving, and jacking provisions.

Stainless steel/aluminum nameplate with information required

in ANSI-C57 12.00 at two locations: one on the transformer

exterior and one in the secondary cubicle. (note: stainless A

steel is preferred)

A junction box shall be located on the transformer nameplate

side and contain a terminal board for all electrical circuits

entering or leaving the junction box. The junction box shall

have a hinged door with a gasket and a handle with provisions

for padlocking. All electrical circuits from components

mounted within the transformer shall run to this terminal

board.

An optional top oil temperature sensing thermocouple snall be

mounted in the prevailing transformer top oil thermal hot

spot. As a minimum, the thermal well housing must be

included, even if the optional top oil temperature sensing A

thermocouple is not added. The thermocouple shall be
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installed in a thermal well housing that will allow

maintenance. This thermocouple will proviCe input to an

electronic temperature monitor. This instrument shall respond

to the top oil temperature and automatically display this

reading. An analog meter shall continuously display the top

oil temperature and indicate the maximum temperature reached

over a period of time. Light emitting diodes are not

acceptable. The hig'•est temperature shall also be used to

initiate alarm and trip functions and is stored for future

recall until the maximum temperature memory is cleared. Fail

safe alarm relay circuits automatically actuate if supply

power has been lost. Maximum temperature can be recalled even

if supply power has been interrupted. A self-test procedure

allows set points to be de'--mined and their operation

verified. Alarm and trip :,t points will be tested from the

front panel. Open thermocouple circuits are detected and

indicated, but do not affect instrument operation. Manual

control of alarm and test functions shall be provided. All

input and output connections shall be made to the terminal

blocks on the back.of the instrument. The set points of this

thermal device shall be adjustable, and two sets of alarm and

trip contacts shall be provided. The alarm contacts on the

temperature indicator shall be factory wired and brought out
to terminal blocks on the exterior of the tr. former

enclosure. The terminal blocks shall be mour. i in the

junction box. A thermometer with a remote sensing bulb is not

acceptable. The thermocouple shall be removable without

disconnecting the electrical wiring. The temperature monitor

system shall be graduated 4n degrees centigrade and shall be

tested at 200"C before installing on the transformer. The

thermally operated device shall be coordinated with the

transformer design and shall be connected and set to function

as follows:

- First stage shall be adjustable and set at 75"C

temperature at which the substation audible bell alarm

can be activated (connected in future by others).
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Second stage shall be adjustable and set at 100"C

temperature at which the transformer is isolated by

removing the electric load and tripping all the power

circuit breakers via the circuit breakers' shunt trip

coils (connected in future by others).

3.9 Tank Construction. The tank shall be of welded steel construction

designed to withstand a pressure 25% greater than the maximum operating

pressure and normal working vacuum. The cover shall be provided with

access holes or manholes, lifting eyes, and pressure relief. The base

shall permit rolling or skidding with pulling eyes and be equipped with

ground pad.

3.10 Paint. The color of the finished transformer shall be C37.20

Federal Standard 595 dark forest green enamel.

3.11 Miscellaneous Rrauirements.

3.11.1 Insulated Phase Barriers. Primary and secondary insulated

phase barriers shall be provided.

3.11.2 Undercoating. Transformers, which have bases that come in

contact with concrete, shall have the underside of their bases coated with

a corrosion resistant coating that conforms to Military Specification

MIL-P-28641 (or an equivalent) with a minimum thickness of 4 mils.

3.11.3 Warning Signs. In accordance with ANSI Z35.3, warning signs

shall be provided for the enclosures of electrical transformers having a

nominal voltage rating of 500 volts or above.

3.12 Provisions for Fan Cooling. The transformer, 500 KVA and larger,

shall have provisions for future fan cooling (by others). As a minimum,

fan mounting brackets and dial thermometers with control contacts shall be

provided.
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3.13 Test~nq. The following tests shall be performed in accordance with

NEMA TRI, ANSI-C57 12.90, and ASTM Standards as listed by tVe associated

tests. All testing, except the fielo tests, shall be done at the factory,

and the certified results shall be submitted to the buyer for approval

before shipment of the transformer. Field tests shall be performed

unless specifically denied by EG&G Idaho and shall also have certified

test procedures and results if opted by EG&G Idaho. All testing included

in this Specification shall be performed and costs must be included in the A

transformer purchase price.

The purchaser reserves the right to witness any or all tests, and the

vendor shall notify the purchaser 14 days in advance of the date for

conducting any test (see Section 3.5).

Field tests shall be conducted by representatives of the manufacturer

and shall be completed after the transformer has been set in place and

before the primary and secondary connections are made. These tests shall

be as described in Section 3.13.3.

The tests below shall be made on the transformer as a minimum

requirement. The order of'listing does r t necessarily indicate the

sequence in 4hich the tests shall be conducted.

3.13.1 Coolant Tests.

ASTM D-877 Dielectric Breakdown Voltage
ASTM 0-923 Sampling Electrical Insulating Liquids
ASTM D-924 Power Factor
ASTM D-974 Neutralization Number
ASTM D-1533 Water in Insulating Liquid (field test only)
ASTM D-2225 Silicone Fluids if Silicone.

PCB contamination certification requires stating either that PCB

content is less than 5 ppm or that the transformer is PCB free and

contains no PCB. A stainless steel label clearly stating the PCB content

shall be attached to the transformer.
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1. Coil resistance measurements of all windings on the rated

voltage connection and at the tap extremes.

2. Turns ratio test on the rated voltage connection.

3. Polarity and phase relation tests on the rated voltage

connection.

4. No-load loss at rated secondary voltage on the secondary

voltage connection (field and factory test).

5. Exciting current at rated voltage on the rated voltage

connection.

6. Impedance and load loss at rated current on the rated voltage

connection and on tap extremes.

7. Temperature tests under conditions specified in ANSI

Standards for transformers. (Typical temperature rise of the
"exact" design may be substituted with written approval.)

Applied potential test.

9. Induced potential test.

10. Impulse test.

11. Insulation power factor.

3.13.3 Field Tests. Field tests shall be performed as part of

installation. Test reports shall be certified for methodology and

accuracy.

No-load loss as measured from the secondary winding at ambient

temperature (ANSI-C57 12.90). Record both ambient and top oil
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temperatures. Conduct this test on both existing transformers to

be removed and the new transformers. Record ambient temperature on

the test reports.

Water content in oil at ambient temperature (ASTM D-1533). Record

both ambient and top oil temperatures.

Insulation power factor (Method II ANSI-C57 12.90, Section 10.9)

Doble Test or equal. (Insulation power factor to be 0.9 or less.)

Before energizing the transformer, test the transformer turn ratio

(TTR) at all tap settings. Megger all leads before connecting them

to the transformer and check the leads for grounds using VOM before

any connections are made. Any lead with a Megger reading of less

than 10 megohms shall be replaced.

4. QUALITY ASSURANCE PROVISIONS

Unless otherwise specified, the supplier is responsible for all

examinations and inspections as specified herein. The vendor shall

maintain a Quality Assurance Program in accordance with MIL-C-9858A or an

approved equal during the performance of the contract, which provides

adequate quality assurance and control throughout design, fabrication,

testing, inspection, and shipping of the transformer. The vendor shall

provide the documents describing the Quality Assurance Program and

containing the procedure that will be invoked to comply with the above.

An Inspection and Test Procedure shall be prepared and submitted to the

buyer for approval. Final inspection and test reports as required by this

Specification shall be submitted to the buyer for approval. The vendor

shall maintain a calibration system for the periodic calibration of test

instruments to standards traceable to the National Bureau of Standards.

Vendor data shall be submitted per attached "Vendor Data Requirements

Lists" (see Appendix B).
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5. PACKAGING

The transformer shall be prepared for shipment within the Continental

United States. All accessories shall be protected from damage. The

transformer shall be sealed to prevent entry of moisture or foreign

materials during shipment. Documents as indicated in Appendix B shall be

required. Shipping is the responsibility of the supplier as part of the

total installation package.

6. SUBMITTALS

Within 30 days of receipt of the order, the vendor shall furnish the

purchaser with all necessary outline drawings and weights of the

transformers.

6.1 Shop Drawings and Manufacturer's Data. Shop drawings for

transformers shall indicate, but shall not be limited to, the following:

Overall dimensions, front view, interfaces with existing

equipment, and sectional views.

Ratings and sizes of lugs, impedance, taps, and fans if

applicable.

Manufacturer's published information on the main secondary breaker

and feeder devices at each transformer to allow owner to review

settings, which will ensure that proper protection and

coordination will be acý'eved.

Complete list of spare parts and/or supplies with current unit

prices and source of supply.

6.2 Ce-tified Laboratory Test Data. Certified copies of reports of all

tests shall be submitted as required.
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6.2.2 Tra~sccr-e- Tests. Transformer test shall be performed 4n

accordance with the ANSI-C57 12.90 - for liquid filled (ANS7-C57 12.91

for dry-type) standard test code and Section 3.13. Certified copies of

test data for the following tests shall be submitted and shall receive

aDproval before celivery of equipment to the project site. Field test

data sheets shall te submitted within 14 days after test completion.

7. DEMOLITION AND CONSTRUCTION

7.1 Demolition and Construction General Requirements. The vendor shall

furnish technical personnel to be present at the site to perform, as a

minimum, the following tasks (see Appendix C). Permits for PCB fluid and

transformer casing transport shall be obtained by the successful bidder

before removal. Note that OSHA regulations require workers handling PCBs

to be properly trained and certified.

Request and have operating Contractor (PWC personnel) de-energize

the existing transformers.

Test the existing transformers for no-load loss, record data, and

submit in writing to the Resident Engineer.

Drain the PCB fluid from each transformer into approved drums,

seal, and deliver it to the interim hazardous waste storage area

at the base.

Purge the transformer case with dry nitrogen gas and seal.

Remove and deliver the transformers to the interim hazardous waste

storage area at the base, as designated by the Posident Engineer.

Provide and install new transformers and test per Section 3.13.3.

Request PWC personnel to energize the system.
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Verify proper cpe-at:on and turn tVe operating transformer over to

-3&G :Caho for. re7andrng to PNC San Diego.

The EG&G idaho Resident Engineer shall coordinate all outages and

provide interface between the successful bidder's, installers, and tne

operating Contractor (PWC). PWC Cooe 64C is responsible for manifesting

all PCB (hazardous waste) activity, and PWC shall be contacted through the

EG&G Idaho Resident Engineer.

7.2 DraininQ. Service shall include removal, packaging, and transporting

(to a Defense Reutilization and Maintenance organization (DRMO) hazardous

waste staging area] of the PCB or PCB contaminated fluid initially drained

from the transformers. DRMO waste shall be clearly labeled with contents,

level of contamination, its source, and manifested by PWC Code 640.

The Subcontractor must review and comply with the minimum Outline

Spill Prevention, Control, and Countermeasures (SPCC) Plan before draining

fluid from a liquid cooled transformer (see Appendix D). Appendix D

details the SPCC requirements that the Subcontractor must observe.

7.3 Transportation and Disposal. All hazardous waste material shall, as

a minimum, be contained in Department of Transportation (DOT) approved

containers from point of removal until delivered to the final disposal

site. The following are methods of handling the wastes and are subject to

the requirements of 40 CFR, Part 263 and 49 CFR, Parts 172 and 173 and

shall be superseded if the regulations are amended.

I. Drums shall be DOT approved for hazardous waste: 17E for

fluids, 17H for porous solids, and 17H for rags and solvent.

2. Bulk containers shall be six sided, welded steel

construction, lined with a minimum of 10 mil plastic sheet,

and watertight. The container shall be handled by a truck

specially fitted to transport the container from generation

point to disposal point.
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TRANSFORMER DATA SHEET

Transfzrmer :cef:i fficaicn *'PWZc-OL' CC5;-NEW'

Lcat- BLnG 9 OUTDOORS

Size 501C_000 KVA

Primary VcItage 2.4/12 KV DUAL

Primary Winding Type DELTA

Seconcary Voltage d80 V

Secondary Wincing Type WYE-GROUNDED

Percent Impecance E %

Primary Switcn NEW 3 POLE I1 KV 600 AF!300 AT FUSED
SWITCH

Primary Connection PROVIDE TRANSITION CUBICLE TO NEW
SWITCH

Secondary Connections PROVIDE NEW COPPER BUS CONNECTIONS
TO NEW SECONDARY SWITCHGEAR. PROVIDE
AND INSTALL NEW SECONDARY SWITCHGEAR
PER SKETCHES. (SEE APPENDIX E OF
THIS DOCUMENT.)

Secondary Breaker PROVIDE AND INSTALL NEW SWITCHGEAR
PER ATTACHED SKETCHES

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

"This is a replacement of transformer PWC #69, an existing 500 KVA 3
phase 480 V PCB transformer.
"Supply fan to achieve higher rating.

"** Dual voltage primary winding is an option. Regardless of whether
the option is exercised, the 2400 VAC primary must be supplied. If
the cotion is exercised then taps shall be proviced for the higher
rating (12 KV).
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Loca: icn 1_2____

Size 300 KV,'.

erimary Votage _±0o V

Primary Windina Type 'C'

Secondary Voltage (C8/:2C V

Seconaary Winding Ty' Ye vE-GrPUNCED

Percent imoedance 2.0

Primary Switch N/'

Primary Connection NEW FEED F;OM NEW SWITCHGEAR
(SEE :C59)

Secondary Connections NEW CABLE AND CONDUIT CONNECTIONS TO
EX:ST:NG SWITCHGE;R (2 t1aces)

Secondary Breaker EXISTING BRE.±KeR PER ATTACHED SKETCH

Maximum No-Load Loss DETERMINED PER LOSS EVALUATiCN IN RFD

Maximum Full-Load Loss DETERMINED PE; LOSS EVALUA=7CN :N RFO

Consolidation replacement of existing PCE transformers (_70 and
#72). See sketches SD 1, 2, and 3 for additional information.
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TRANSFORMER DATA SHEET

Transformer 1cen:ifica:icn !?WC:6-OLDO ::'<-NEW

Locatiocn BLDG 342

Si:e ::2.5 KVA

Primary Voltage 2.4/12 KV DUAL

Primary Winding Type DELTA

Secondary Voltage 48C/277 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 3.0

Primary Switch NEW 3 POLE 15KV SOAF FUSED

Primary Connection TRANSITION AND CABLE TO NEW SWITCH

Secondary Connections REUSE EXISTING --- SPLICE TERMINATION
FOR CONNECTIONS TO EXISTING
SWITCHGEAR

Secondary Breaker REUSE EXISTING BREAKER -NO CHANGES

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

* Reolacement of existing 112.5 KVA PCB transformer.
-- Optionally propose and construct this unit with an amorphous stacked

core, as per specification.
SDual voltage primary winding is an option. Regardless of whether

the option is exercised, the 2400 VAC primary must be supplied. If
tne option is exercised then taps shall be provided for the higher
rating (.2 KV).
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TRANSFORMER DATA SHEET

Transformer 2centificacn (PtWu•.OL:' ^,C-NE

Location BLOG T73

Size 212.5 KVA

Primary Voltace 2.4 Kv

Primary Winding Type DELTA

Secondary Voltage 208/120

Secondary Winding Type WYE-GROUNDED

Percent Impedance _._

Primary Switch REUSE EXSTING SWITCH

Primary Connection NEW TRANSITION TO EXISTING SWITCH

Secondary Connections PROVIDE AND INSTALL NEW SECONDARY
TRANSITION CUBICLE

Secondary Breaker REUSE EXISTING SWITCHGEAR

M~ximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

I mum Full-Load Loss- DETERMINED DER LOSS EVALUATION IN RFP

* Replacement of existing PCB transformer.
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Transfor-er ;:o-:•ft - '='• - : .

location _______.. .. __" ____

S4ize "-1^CS V,-

Pr.-ary Voltace __ 2_Y

Primary Windinc Type I____ _ __-__

Secondary Voltage '•.'"

Secondary Winding Type 'vE- P.OJNCED

Percent L7'.pedanca
Primary Switch REUSE OF Ex:S-TN" SWIZ CH

Primary connection NEW T7ANSI7CN 70 EXrS-:NGSWITCH

Secondary Connections COPPER BUS CONNECT.ONS TO NEW
SW TCHGEAR

Secondary Breaker REUSE EXIS,.NG BREAKER AND SWT.CH-
GEAR

Maximum No-Lnad Loss CE-EPMINED DER LOSS EVALUA.!ON IN RFD

Maximum FuTI-Lcad Loss DETERMINED PER LOSS ,VALUA,:ON TN Rr

* This wilT reclace existing PCB 15'00 K'V'A transiormer.
** Use corrosion resistant external packaging, NE.tA !R minimum. Also

provide otincrai cost to include stainless steel rain cap.
"include cost proposal to replace these swit:nes as an option.
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m, r v~~' Vol:ace ___________________

r m na ry 7M'ndlng Y'e ýEL1

Sec:ndary Vol tage -E C 7 V

Seccrc-ary Wilnczn 7y;e ___________________

Percent ::redance -

Pr~marv Swit:ý ES :-~:T~UE ~:
600 C

Primary Connection 7,ANSV:CQN C':nME'IjS-TG S T-V!

Secondary Connections PROV2rE !NO 7NS-ALI NEW CNETN
70 EXIS7ING E X:7cH2n F C

Secondary Erea:ker PEUISE E,"F !IIG 2'0 1
S;E.AKEz -INCSVH2

Maximumn No-Load Loss DE7F;MD4EO PE ;cOEV'AL~

Maximum Full-L-.ad !_oss CEFMN:Vt LCSS C" ~ :q l;

* Replacing existing ECC KIVA PCB' transfcrmer.

No diagram provided.
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Size -

Pri iarv Voltace K

Pr'i-ary Wi1ndi;nc 7-y:)e DL

Secondary/ Voltace .18 V

Secondary Winding Type _________ ________________

Percent 1m.edance _______________________

Primary Switch cPOVICE AND !NSTALL NEW- 1E KV C£.SS,
PRImARv S417CH INO NEW I? <vE:E

Primary Connection 7;NSTC^N 70 NE'd S'WT7CH

Secondary Connection~s NEW COP0ER ýUS CONNE:TICNS '7O NEW
SW V"CHGE AR

Secondary Breaker P & I NEW SWTTC.HGEAR. SEE SKEt!C
EREAKER .4ND SVH.A

Maximum No-Load Loss DErEPM!jE,)D DE; LOSS EVALUATICN !N PcD

Maximum Full-Load Loss CE-7ýv!NFO OE LOSS EVALUA77ON TN P

7 his unit is replacing an existing 1000 KVA PCS filled transfor-mer.
** Supply fans to acv.ieve higher rat~ng.
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TRANSFORMER DATA SHEET

Transformer Identification (PWC27-OLD) CC2MB-NEW

Location BLDG 378-1

Size 500 KVA *

Primary Voltage 480 V

Primary Winding Type DELTA

Secondary Voltage 206 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 5.75

Primary Switch PROVIDE AND INSTALL NEW SWITCHGEAR
SEE SKETCH

Primary Connection TRANSITION FROM NEW SWITCHGEAR

Secondary Connections NEW COPPER BUS CONNECTIONS TO EXISTING
SWITCHGEAR

Secondary Breaker REUSE EXISTING SWITCHGEAR

Maximum No-Load Loss DETERM.INED PER LOSS EVALUATION 1N RF0

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

No primary voltage taps are required on this transformer due to the high
current level. Note requested optional price for addition of standard
primary voltage taps on this unit in the pricing schedule.
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Trar~s`:rmer :e:~a c. r ~ ~ -~

Location ýL at-

Si-z eE K','•

Primary Voltage ? <V

Primary Winding Type ELT•

Secondary Voltage 480/27- V

Secondary Winding Type WV_____ ____;_

Percent Impedance

Primary Switch REINSTALL EXT7STNG PRIMRY SWVCY

Primary Connection CONNECT EXISTING SWITCH

Secondary Connections NEW COPODER US CONNE7TTONS T-A
EXITI7NG SW17CHGEAR

Secondary Breaker EXISTING SWITCHGEAR

Maximum No-Load Loss OETE•RMNEO PER LCOSS EVALUATiCN 1N RrO

Maximum Full-Load Loss DEtE;MINED PER LOSS rVALUAOCN IN RFP

"The existing PK3 unit is already missing and will not have to te
handled as part of this changeout.

Note: This unit will be installed in an existing station. The installer
will have to remove an existing temporary transformer and place it
aside for removal by others prior to installing the new
transformer. The installer will also have to reinstall the existing
primary switch, which was disconnected while the temporary
transformer was installed. The existing temporary transformer is a
-750 KVA unit and will require an oversized crane to lift out and
set on the around. This unit is nonPC3 and will not require
additional handling.

No diagram provided.
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TRANSFORMER DATA SHEET

Transformer lIentification (PWC:-22C.:,2-OLD' C':-22C-NEFw

Location BLDG 179-3

Size 200 KVA

Primary Voltage 2.4/:2 KV DUAL

Primary Winding Type DELTA

Secondary Voltage 24O V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 4.5

Primary Switch REUSE EXISTING PRIMARY SWITCH

Primary Connection PROVIDE NEW CABLE CONNECTIONS TO
EXISTING SWITCH

Secondary Connections PROVIDE NEW CONDUIT AND CONDUCTORS TO
EXISTING SWITCHGEAR

Secondary Breaker REUSE EXISTING SWITCHGEAR

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

* This new three phase transformer is replacing three existing 167 KVA

single phase PCB transformers.
Dual voltage primary winding is an option. Regardless of whether
"he ootion is exercised, the 2400 VAC primary must be supplied. If
the option is exercised then taps shall be provided for the higher
rating (12 KV).
There are three oil-fused contactors which are feeding the
transformer to be removed. It is believed that the three contactors
are PCB-contaminated, and they snould not be disturbed.
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7P-ýNSFOIRMER DATA SrEH-

7rans-F:r7er et-:'c :c:-:3-c' c -:-*

?r4.,arv Vol tace _,;O v

Primary 'ý r,, y,. g7pe 7':" 7

Secondary Vo"tace ________________________

Sec.-ndary lofnifl Type WE.ONE

Percent Impedance_____________________

Prim-.ary Sw4itch P~nV:CE ANC 'NS-AL-L NE-W 480 V BPEAKER
iN NEý SW-E.SEE _SKF7:HES

Primary Connection SEE SKE-CUES

Secondary ronnecticns 71ANST-O1N '" cv:S77NG PINEL

Secondary Breaker ;ELSE EX:S7NG

Maximum No-Load Lcss DETF;MINED ;E LOSS EVILUATION IN RFP

Maximum Full-Load Loss DrER-M!NE P LOSS EVALU'A7CN N,1 qFD

* This unit reolaces the existing 12Z.5_ KVA PCB transformer.
** This transfic-mer will be installed on a mezzanine located

aooroximately 30 feet AAF. Extra rigging and PC"B handling ef~orts
w~ill be required.
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NSFCR1ER ,•-• DATA EET

Lccaticn :' -:-

Size !12.= s'

Primary Votace -. V

Primary Winding Type

Secondary Voltage 140 V

Secondary Winding Type WYE

Percent impedance 4.5

Primary Switch PROVIDE AND INSTALL NEW 480 V FRE!KER
IN NEW SWV"-HGA. .. E.SKETCHES.

Primary Connection SEE SKETCHES

Secondary Connections TRANS7ICN TO EXISTNG PINEL

Secondary Breaker REUSE EXISTING BREAKER

Maximum No-Load Loss DETERMNED PE; LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED DER LOSS EVALUATION IN RFP

* This unit is replacing the existing 112.5 KVA PCB transformer.
** This transformer will be installed on a mezzanine located

approximately 30 feet AFF. Extra rigging and PCB handling efforts
will be required.
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APPENDIX B

VENDOR DATA REOU.REMENTS LIST

No.of
When Copies Reference Approval

Description Recuiredl Recuird Paracraoh Rb'd.b•y

1;1. Drawings, sketches, schematicsl BC 12 NA R AB/DE
and other data shall be
submitted with the bid
sufficien: for evaluation of
contract proposal.

12. Quality Manual and Procedures BC 12 4.0 R AB/DE
3. inspection and Test Procedures BFR 12 3.2, 3.10 I AB/DE
4. Inspection and Test Results PS 12 3.10 R AB/DE
5. Maintenance manual which PS 12 5.0 I AS/DE

includes as a minimum:
installation instructions,
operating instructions,
preventive and corrective
maintenance tasks, the
frequency of each task, the
tools, equipment, and
procedures with special
emphasis on safety precautions
for the accomplishments of
each task.

S. Priced spare parts list and PS 12 5.0 I AB/D
recommended spares.

7. Guaranteed performance data PS 12 5.0 I AB/DE
and name plate data.

8. As-built shop drawings schema- PS 12 5.0 R AB/DE
tics and wiring diagram.

9. Installation schedule. PS 12 5.0 AB/DE
10. PCB fluid disposal plan and PS 2 5.0 AB/DE

certification.
1i. Spill Prevention, Control, and BFR 2 NA R AB/DE

Countermeasures Plan
i12. Certification for Hazardous PS 22 NA R AB/DE

Waste Handlers

* BFR - Before Fabrication Release " BC - Before contract is awarded
* PS - Prior to Shipment ** R - Recuired

** I - Information Only " AB = Aocroval By Buyer
"DE - Approval By Desicn Engineer
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C0NSTRUCT7:CN CET7AS

ELZ!CTr."cAL GENERAL P'MV:SIZC-NS

PART 1 - GENERAL

,ZCRLPT7ON OF WORK:

Summary: The electrical work can be generally summarized in the following
manner, but this is not by way cf limitation:

0 Obtain permits for moving hazardous waste.

0 Check and mark phase rotation before de-energizing system.

0 Have PWC personnel de-energize the existing transformers.

0 Test existing transformer for no-load losses. Drain the PCB

fluid from each transformer into standard DOT approved drums and

deliver it to the interim hazardous waste storage area on the

base as designated by the Resident Engineer (all work shall

comply with OSHA and EPA regulations).

0 Purge the transformer case with dry nitrogen and seal.

* Deliver the existing transformer to the interim hazardous waste
storage area on the base (comply with OSHA and EPA regulations).

& Provide and install new transformers.

0 Connect new transformers and test.

0 Request PWC personnel to energize the system.

0 Verify proper operations and turn the operating transformer over

to EG&G Idaho. Inc. for remanding to PWC San Diego.
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G-EK, PAL:

Furnish a labor, materiais, ecui ment, and a;:iiances recuired to c:mle te

the instal ation of tne comolete electrical s'ystems. All labor, materials,

service, equipment, and workmanship shall conform to the applicable chapters

of the NEC (OFPA 70) and other authorities having lawful jurisdiction

pertaining to the work required. All modifications required by these codes,

rules, regulations, and authorities shall be made by the Subcontractor

without acditional charge to the Contractor.

Underwriter's Laboratories (UL): All materials, appliances, equipment, or

devices shall conform to the applicable standards of UL where such standards

exist. AlT material, appliances, equipment, or devices shall be listed

and/or labeled by UL where such standards exist.

Completed electrical system shall conform with applicable provisions of the

Special Conditions, the Technical Specification, and the attached subcontract

drawings.

CONDITION OF PRODUCTS:

Except as otherwise indicated, provide new e'ectrical products, free of

defects and harmful deterioration at the time of installation. Provide each

product complete with trim, accessories, finish guards, safety devices, and

similar components specified or recognized as integral parts of the product,

or required by governing regulations.

UNIFORMITY:

Where multiple units oF a product are required for the electrical work,

provide identical products by the same manufacturer without variations except

for sizs• and similar variations as indicated.
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.IDNATCN CF EL.T: .... L •C•K:

General: .t is recocni:ed that the subcontract doccents are ciacrammatic in

showing certain physical reoationships that must be es:ablished within t:6e

eiectrical work and in its interface with other work, including utilities and
mechanical work, and that sucn establishment is the exclusive responsibility

of the Subcontractor.

Arrange electrical work in a neat, well-orcanized manner with conduit and

similar services running parallel with the primary lines of the building

construction and with a minimum of 7 feet overhead clearance where possible.

Locate operating and control equipment properly to provide easy access and

arrance entire electrical work with adequate access for operation and

maintenance.

RESIDENT ENGINEER:

The EG&G Idaho Resident Engineer will ensure that the installation complies

with drawings, specifications, and witness testing.

TRANSFORMERS

PART I - GENERAL

WORK DESCRiFTICN:

Provide and install transformers of sizes, ratincs, and types as shown on the

referenced data sheets and engineering specification.
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7T 2 -2

,IAER:RAL.S:

The transformer: shall be as sncwn on the attached data sheets and shall be
installed at the location incic-ted on the trawincs.

The transfor-mer enclosure shall be suitable for the environment that the

transformer is installed in.

PART 3 - EXECUTION

INSTALLATION:

Install transformers as indicated on the drawings and in accordance with

manufacturer's written instructions, appiicable requirements of NEC and-the

NEC Association's "Standa-d of Installation," and complying with recognized

industry practices to ens.re that products serve intended functions.

TE5TING:

Visually inspect to determine that equipment installation conforms to NEC,

these specifications, and the drawings and testing as described under the

testing section of the specification.

GROUND:NG

PART I - GENERAL

WORK DESCRTPTION:

Provide and install grounding on all transformer cases and tie into the

exisfing grounding system.
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•ATER:ALS •

Groundrg electrcde wi-e snafl be a minimum of No. 2 A.-G 'are stranded cz::er

and comply with NEC Taol? 2E-0-94

Ground crid welds shall be made by the Thermit process.

PART 3 - EECrUT7CN

INSTALLATION:

Install a complete grounding system for the transformers in accordance with

applicable requirements of NEC and complying with recognized industry

practices to ensure that products serve intended functions and comply with

requirements. All exposed noncurrent-carrying metallic parts of electrical

equipment, conduits, grounding conductor of nonmetallic sheathed cables, and

neutral conductor of the wiring system shall be crounded.

Exothermic Welds: Exothermic welds shall be made in accordance with the

manufacturer's written recommendations. No mechanical connector is required

at exothermic weldments.

TESTING:

Visually inspect to determine that ground installation conforms to NEC, these

specifications, and the crawings.

CABLE, W:RE, CONNECTORS AND MISCELLANEOUS CEVICES

PART I - GENERAL

WORK CESCRIPTION:

Provide and install conduit systems, cables, wires, and wiring connectors of

sizes, ratings, material~s. and types as shown on the crawings.
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S'~.... •R•CUCTS

WIRING MATER:ALS 5 KY AND I5 KV CLASS:

All 5 KV and 15 KV cable shall be shielded and properly terminated. Cable

shall be EPR MV-90 shielded cable and shall have a '13% insuia-ion level.

HiGh VOLTAGE SPLICES:

Splices in high voltage cables. Splices shall be suitable for continuous

immersion in water and shall be made only in accessible locations in

manholes.

Certification. High voltage caole splicer/terminator certification of

competency and experience shall be submitted 30 days before splices or

terminations are made in high voltage cables. Splicer/terminator experience

during the past 3 years shall include performance in splicing and terminating

all cables of the type and classification being provided under this contract.

Kit Methods. High voltage splices shall be made using a "kit," which shall

be the product of one manufacturer and shall have the approval in writing of

the manufacturer of the cable that is to be spliced. The Contractor shall

provide for continuous submersion in water.

Heat-Shrink Method. All splices for 600 volt and less cables shall be done

by the heat-shrink method. Provide heavy-wall heat-shrinkable splice tubing

rated for sealed underground connector s"rtems. Tubing shall be available

uncoated, or with a thermop stic adhesie-sealant that adheres to PVC,

neoprene, polyolefin, and EPR aluminum or steel.

Splices in Hich Voltage Cables. Splices shall be suitable for continuous

immersion in water and shall be made only in accessible locations in

manholes.
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ar:'fia:>. . vc!'ta:e cable s:"icer/ter-inator certiiati:4n c-

c:7.z :eency ant ex:erience -n- "e s:_m c Z =ys 4 s es or

terminaticns are mace in high vcltace cables. S:7i:er,"termina:cr ex:erlenoe

ur'-n :he ;as: ' years shall iuclue performance in splicing and term.ra:inc

cables of the type and classificaticn being -rovited under t-6s cntract

Kit Metnocs. Hich voltace splices shall be mate using a "ki4t," which shall

te tne product of one manufacturer ana shall have the azproval in writing of

the manufacturer of the cable that is to spliced. The contractor shall

provide the Contracting Officer or Contractor's Quality Control

representative with a copy of the manufacturer's instructions before splicirg

is started. Splices shall be made only in manholes.

Splices in Shielded Cables. Splices in shielded cables shall include

covering the spliced area with metallic tape, or like material, to the

original cable shield and connecting it to tne cable on each side of the.

slice. Provide a No. 6 AWG bare copper ground connection brought out in a

water tight manner and ground to a 3/4 inch x 10 feet ground rod as part of

the splice installation. Wire shall be trained to the sides of the enclosure

in a manner to avoid interference with the working area.

Phasing and Rotation. Contractor to record the phasing and rotation of the

existing electrical system before cable splicing, cable removal, termination,

and/or any work that could alter the phasing and rotation of the system.

After completion of the work and before connecting any load to the system,

the contractor snall verify that the phasing and rotation is as it exiszed

and has not been altered.

WIRING MATZRIALS, 600 V CLASS:

Conductors shall be stranded for all sizes of wire and cable.

Conductors shall be copper for all sizes.

Wire insulation shall be type THHN/THWN for all 600 volt conductors unless

otherwise noted.

A-62



M 41 -" 4,mu,, size of ;cwer conductors stall be No. .2.

Solices for 6C0 Volt Cables. Splices in under•round systems shall be made

only in accessible locations, such as manholes and handhoies, using a

comoression connector of the ccnductor and oy insulating and wazer proofing

by a me:hod suitable for continuous submersion in water.

heat-Shrink Method. All splices for 600 volt and less cable shall be done by

the heat-shrink method. Provide heavy-wall heat-shrinkable splice tubing

rated for sealed underground connector systems. Tubing shall be available

uncoated, or with a thermoplastic adhesive-sealant that adheres to PVC,

neoprene, polyolefin, and EPR aluminum or steel.

CONNECTORS:

Compression and/or lug type connectors, such as "Burndy", shall be used for

splicing No. 6, and larger 600 volt cable.

High Voltage Cable Terminations. IEEE 48, Class 2. Except as otherwise

indicated, terminators for extruded insulation nonmetallic jacketed cables

shall be porcelain insulator type. Apply terminator to single conductor

cables or to each conductor of multiple conductor cable that are to the

weather. Terminator shall not exude any filler compound under either test or

service. The terminator shall consist of a porcelain insulator, cable

connector-hoodnut assemble, and aerial lug, as required, m,'tal body and

supporting bracket, sealed cable entrance, and internal stress relief device

for shielded cable, and insulating filler compound or material.

Terminator, Modular, Molded Rubber Type. IEEE 48, Class 2. Provide

terminator as specified herein for terminating sincle conductor, or the

single conductor of multiconductors, solid insulated, nonmetallic jacketed

type cables for service voltage up to 15 KY outdoor. The terminator shall

consist of a stress control, ground clamp, nontracking rubber skirts,
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c-:-cr ::rnec:z-, ru:ber ca:. ano aerai ijc. Prcv.:e =eat-shrikazle

eicw sealcng acar:or as sncwn cn plans, allowrg the metallic :ze

shielding to be externally grounded and sealed. Seearate parts of cooter :r

ccp.er alloy shall not be used in contact with aluminum or aliuminum allcy

parts in tie construction and installation of the terminator.

'4ire/Cevice Identification: All cable systems, major conduits, and devicEs
shall be permanently marked. Conduits shall have stainless steel tags at
every 60 feet or where wall or building penetrations cccur. All conductors
shall be identified with self-adhering cii and moisture resistant vinyl

labels, covered with clear heat shrink tubing or white heat shrink tubinc
with black typed on letters with nonsmearing ink as manufactured by Brady,

T&., or approved equal. Hand lettered labels shall not be used. All
conductors shall be clearly marked with the proper phase identification.

CONDUIT SYSTEM:

All conduits shall be RGS or IMC with exception of underground, which can be

PVC, and which shall be 3 feet minimum below grade and encased in 2 inches
minimum red concrete. All bends must be RGS or IMC. Conduit systems shall

be completed per the NEC.

PART 3 - EXECUTION

INSTALLATICN:

General: Install electricaT cable, wire, and connectors as indicated on the

crawincs, in accordance with the manufacturer's written instructions,
applicaoie requirements of NEC and NECA's "Standard of Installation%, and in
accordance with recognized industry practices to ensure products serve

intanded functions.

Pull conductors together where more than one is being installed in a raceway.

Do not exceed the conductor manufacturer's recorended pulling tension or as
specified in the IPCS Handbook. Use pulling compound or lubricant, where
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necessary; compound must not deteriorate conductcr or instal ation. Tension

snall be monitored wnen pulls involve more than 40 feet or %nen 3 or more 93

degree turns are in the system.

Use pulling means including fish taoe. cable, or rope which cannct damace

raceway.

Install splices and taps in an accessible junction box that has mechanical

strength and insulation rating equivalent-or-better than conductor.

Use splice and tape connectors that are compatible with conductor material.

TESTING:

High Potential: After installation and installing stress cones, all 25 KV

cable shall be tested at twice the normal operating voltage plus 1000 voý'ts.

The test duration shall be 15 minutes on each cable. See IEEE standard

400-1980 (IEEE guide for making high-direct-voltage tests on power cable

systems in' the field).

Meggering: Before terminating, test all cable or wire for insulation

resistance with 500 volt megger. Any wire with less than 10 megohms to

ground or other conductors shall be replaced before p-oceeding with the

terminating. List conductors tested on required test data submittal sheet.

ELECTRICAL CONTINUITY AND PHASE ROTATION:

After conductor connectors are installed and conductors are labeled, but

before termination to. terminals or devices, an electrical continuity test

shall be performed on each conductor using a battery powered buzzer rr

ohmmeter to determine that all power, control, grounding, and other

conductors are properly installed and identified. List all conductors tested

on required test dat- submittal sheets.

After initial enerci..ng of the transformer, chE :or proper phase rotation.
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APPENDIX 0

UTiNE SPILL PREVENTION, CONTROL, AND COUNTERMEASURES PLAN
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C~T:N s:L P~vET~NCOZN77-OL, AN CU NEMAUE :)LAN

MýTANUM SO -', '/EN•-N :F- -' ,

The following shall be performed before the star- of and during any

fluid removal from a liiuid cooled transformer (i.e., PC3 filled, oil

filled, or silicone filled).

a. A layer of 6 mil polyethylene sheeting shall be placed around the

transformer.

b. If drains are present, measures will be taken to eliminate the

potential for any fluids from entering the drains. This

includes, but is not limited to, constructing a dike, trenching

around the drain, and/or plugging the drain.

c. Before pumping the fluids, all hoses shall be inspected for any

holes, cracks, or deterioration. Fittings shall be inspected to

ensure a proper connection. Any gaskets utilized in the pumping

operations shall be inspected for integrity. Approved hoses,

pumps, and gaskets shall be used.

d. Drip pans shall be placed under pumps and connections.

e. Pumps and hoses shall be positioned so as to minimize any

tripping hazard.

f. Personnel will monitor the pumping operation at all times.

g. An adecuate supply of absorbent materials and cleanup equipment

shall be readily available in the event of a mishap.
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This incluces the follcwin. Out not !imited tc:

. Shovels

. Brooms
07T drums: 7E, 17H, and E5 gallon recovery cram

. Ample supply of rags

5. Vermiculite (Sceedi-Ory)

6. Absorbent booms and/or absorbent pads

7. Assorted corks, plugs, and emergency seals

8. Material Safety Data Sheets (MSDS).

h. All safety equipment shall be inspected before use.

CONTROL

In the event of a spill or leak, the following procedure shall be

implemented:

a. Stop the source of the spill. Below is a list of probable source

of spills when working with liquid cooled transformers, and the

remedial action to be taken to eliminate the problem.

Source 1.Transforer

1. Location of leaks: valves. Remedial action: plug valve

to reduce or stop spill. Pump fluid below valve and replace

faulty valve.

2. Location of leak: bushing. Remedial action: Pump fluid

below bushing level. Replace gaskets, or if necessary,

replace bushing.
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Locaticn of 7eak: tank wail or rad-ator pi:e. Remec'al

action: Lump f id below level of leak and ei:her esoxv cr

weld ccse the leak source. .f zhe source of the 1eaK Is

small, a vacuum can te ,ulled on the transformer Ze~cre

applying the epoxy sealant r weldinc. Pulling a vacuum on

the transformer eliminates the need for any ;umping

operations.

4. Location of leak: tap changer, liquid level gauce, or

temperature gauge. Remedial action: remove fluid below

level and replace packing material, gaskets, or thread

sealant where applicable.

Source 2. Pumps or Hoses

Remedial action: Stop all pumping operations and place apparatus into an

adequate container to capture any fluids.

Source 3. Drums

Remedial action: In the event that the drum is seeping at the seams, the

fluid shall immediately be transferred to another drum. Should a drum

rupture or become punctured, an oversized recovery drum will be used. The

recovery drum is placed over the top of the leaking drum. Then, the

recovery drum is placed upright, containing the leaking drum.

b. Stop the migration of any spilled fluid. This can be done by

placing the berm around perimeter of the spill. A berm can be

constructed using any type of adsorbent material, i.e.,

vermiculite (Speedi-Dry), sand, racs, absorbent boom or pads.

c. Sclýdc4v any --ee standing luid.
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d. Sa'etv au:a-el sra'' be wcrl when dea'ing wizn stils involving
p2B fluids.

CCUNTE: M E•SUPE"

The countermeasure operations are the cleanup and disposal of all

contaminated material that is a result of the spill. The primary goal of

all cleanup activity is to maintain a safe environment.

a. C'eanup

1. Fluids: If the volume of fluids is great enough to where

solidification is impractical, the liquid shall be pumped

into DOT 17E drums. These drums must be properly labeled

and dated.

2. Solids: Any porous solids (soils, asphalt, wood, paper,

etc.) contaminated by the spill shall be placed into DOT 17H

(removal head) drums. These drums must be properly labeled

and dated.

3. Major Spills: In the event that the spill exceeds the

control and cleanup capabilities that are onsite, an outside

contractor, who specializes in environmental cleanup and has

all permits and licenses required, must be contacted. This

contractor must be equipped to handle various types of

spills.

Analvs~s. During the cleanup operations, sampling, and analysis

must be performed. The analytical data are needed to present an

accurate picture of the following:

I. The extent of the spill

2. The effectiveness of the cleanup operations
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.The point in time wnen :he envirzment has been

decontaminated.

5. Ois•Osa. The disposal of all contaminated materials must te in

accordance with the azolicable EPA recuiations (10 CFR 76;).

All work will be inspected by the EG&G Idaho, inc.

representative.

Transportation of hazardous waste to the disposal site shall

conform to 40 CFR, Part 263. All Federal, state, and local

permits and labeling and approvals shall be completed before the

shipment of waste from the transformer site.
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S' :TCHGEAR SPEC:-F"ZT: --

1.0 G E NEL

Provide and install switchgear with the transformer as referenced in the

data sheets. The switchgear shall consist of one or m.re enclosed

vertical sections joined together to form a. rigid, free standing

assembly. The construction of the switchgear shall meet the requirements

of the NEC.

2L0 PRODUCTS

600 Volt: Switchgear shall be suitable for operation for 480 volt, 3

phase, 3 wire, 60 Hertz grounded service..

Vertical Sections: Vertical sections shall support the horizontal and

vertical buses, covers, and doors, and shall be designed to allow for easy

rearrangement of units. Vertical sections shall have structural

supporting members formed of a minimum of 13 gauge hot-rolled steel. All

finished surfaces shall be blemish-free. Each section shall be 90 inches

high and shall have 7 gauge steel, 3 inches high, removable lifting angle

and two 1-1/2 inches high base channels. Complete control center lineups

shall be divided into shipping splits no wider than approximatel, 60

inches. A ":cting angle shall be provided on the top of each shipping

split and s .l extend the entire width of the shipping split. Lifting

angles shall be designed to support the entire weight of the switchcear

and shall have access points or lifting'eyes to facilitate handling. Base

channels shall be provided with holes to permit bolting the switchgear to

the floor. The entire assembly shall be constructed and packaged to

withstand all stresses induced in transit and during installation.

Switchgear shall be designed so that matching ver-tical sections of the

same current rating and mnufacture can be added later at either end of

the lineup w'thout use of transition sections and without difficulty.

Removable end closing plates shalT be provided to close off openings on
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the end o` the iineuo. A removable top plate shall be provided on each
vertical section and shall be of one piece construction for added

convenience in cutting conduit holes. The design shall allow use of the
standard conduit entrance area without significant saL or deformation of
the tc: plate.

Vertical sections shall be designed to accommodate plug-on units in
front-of-board construction. Vertical sections housing plug-on units

shall be 15 inches deep.

Vertical sections shall be provided with both horizontal and vertical
wireways. Sufficient clearances shall be provided in the horizontal
wireway so that no restriction is encountered in running wires from the
vertical to horizontal wireway. Wireways shall be in accordance with the

wireways section contained in this document.

Horizontal Wireways: Horizontal wireways shall be provided in the top and
bottom of each vertical section and shall be arranged to provide full
length continuity throughout the entire assembly. The top horizontal
wireway shall have a cross sectional area of not less than 20 square
inches with openings between sections of not less than 11-1/2 square
inches. The bottom horizontal wireway shall extend through the length and

depth of the 11-1/2 square inches to allow for full length continuity
throughout the entire assembly. The bottom horizontal wireway height
shall be not less than 9-1/4 inches. Covers for all wireways shall be
equipped with captive type screws to prevent loss of hardware during
installation. All wireways shall be isolated from the bus bars.

Ve-tical Wireways: A vertical wire trough shall be located on the
right-hand side of each vertical section and shall extend from the top
horizontal wireway to the bottom of the available unit mounting space.
Each vertical wire trough shall have a cross-sectional area of not less
than 19 square inches and shall be isolated from the bus bars to guard
against accidental contact. A separately hinged door having captive type
screws shall cover the vertical wire trough to provide easy access to

control wiring without disturbing the unit.
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Reusable wire ties shall be furnished in each vertical wire trougn for the

purpose of grouping and securely holding wires in place for a reat and

orderly installation.

Bus Bars: A continuous main 3-conductor horizontal bus snalil e provided

over the full length of the switchgear. When necessary, tne bus shall be

split to allow for ease in moving-and handling. Splice bars will be

supplied to join the bus whenever a split has been made. All splice

connections shall be made with at Teast 2 bolts. Horizontal busbars shall

be mounted edgewise and supported:by insulated bus supports. Insulation

shall be used as required by NEMA standards and shall be dated at no less

than 600 VAC.

For distribution of power from the main horizontal bus to each unit

compartment, a 3-phase vertical bus shall be provided. The vertical bus

shall be firmly bolted to the horizontal bus for permanent contact.

The main horizontal and vertical buses shall be made of copper and the

entire length shall be electrolytically tin plated to provide maximum

protection to the bus bars from normal or adverse atmospheric conditions.

The main horizontal bus rating shall beL a minimum 300 amperes continuous.

Vertical bus rating shall be a minimum of 300 amperes for adequate current

carrying capacity. Continuous current ratings shall be in accordance with

temperature rise specifications set forth by UL, ANSI, and NEMA standards.

A copper ground lug shall be provided in each incoming line vertical

section capable of accepting No.8 to 350 MCM cable. A horizontal (and

vertical) tin plated copper ground bus shalT be provided in each section

of the switchgear. Horizontal ground bus shall run continuously

throughout the 4witchgear except where splits are necessary for ease of

shipment and handling in which case splice bars shall be provided. Ground

bus shall be tin plated copper. Horizontal ground bus shall be located at
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the bcttcm of the swi::hcear. Vertical ground -us snall run parallel to

the power distribution bus in each vertical section. Cesign shall be such

that for any plug-on unit the ground bus stao shall take contact with the

grcund bus before the power bus contact is made.

Bus Bar-ie-s: insulated horizontal and vertical bus barriers shall be

furnished to reduce zhe hazard of accidental contact with the bus.

Barriers shall have a red color to indicate proximity of energized buses.

Vertical bus barriers shall have interlocking front and back pieces to

give added protection on all sides and shall segregate the phases to

reduce the possibility of accidental "flash over." Small, separate

openings in the vertical bus barriers shall permit unit plug-on contacts

to pass through and engage the vertical bus bars. Bottom bus covers shall

be provided below the vertical bus to protect the ends of the bus from

accidental contact with fish tapes or other items entering from the bottom

of the enclosure.

Controls and Meters: All new service panels shall be equipped with the

following:

KiTowatt Meters. Type II, Class 3, Style B and shall have provisions for

pulse irrititation. Kilowatt meters shall be flush switchboard type as

indicated on the drawings and shall be totally compatible to each

particular application. Kilowatt meters shall be of one manufacturer,

secondary type.

The meters shall have an electronic demand register. The

register shall be used to indicate maximum kilowatt demand as

well as cumulative basis. It shall have provisions to be

programmed to calculate demand on a rolling interval basis.

The register shall be of modular design. The electronic module,

containing all the program variables, shall be able to be easily

removed from the mechanical register for programming, maintenance

and trouble shooting.
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the bottcm of the switchgear. Vertical grcula bus snall run parallel to

the power distributicn bus in each vertical sec:icn. Cesign snall be such

that for any plug-on unit the ground bus stab shall make contact with the

ground bus before the power bus contact is made.

Bus Bar-e-es: Insulated horizontal and vertical bus barriers shall be

furnished to reduce the hazard of accidental contact with the bus.

Barriers shall have a red color to indicate proximity of energized buses.

Vertical bus barriers shall have interlocking front and back pieces to

give added protection on all sides and shall segregate the phases to

reduce the possibility of accidental "flash over." Small, separate

openings in the vertical bus barriers shall permit unit plug-oi contacts

to pass through and engage the vertical bus bars. Bottom bus covers shall

be provided below the vertical bus to protect the ends of the bus from

accidental contact with fish tapes or other items entering from the bottom

of the enclosure.

Controls and Meters: All new service panels shall be equipped with the

following:

KiTowatt Meters. Type I, Class 3, Style B and shall have provisions for

pulse inititation. Kilowatt meters shall be flush switchboard type as

indicated on the drawings and shall be totally compatible to each

particular application. Kilowatt meters shall be of one manufacturer,

secondary type.

"* The meters shall have an electronic demand register. The

register shall be used to indicate maxi-num kilowatt demand as

well as cumulative basis. It shall have provisions to be
programmed to calculate demand on a rolling interval basis.

iThe register shall be of modular design. The electronic module,

containing all the program variables, shall be able to be easily

removed from the mechanical register for programming, maintenance

and trouble shooting.
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W!A electronic mocules snail be pnrsizally itenti:al and

interchangeable.

A frictionless cpical assemoly, mounted . Wrecty to the meter

frame, generating !2 puises per melar cisc revolution for input

to the electronic register shall be proviced.

"* Each kilowatt meter shall also be complete with a 5-dial

mechanical kilowatt hour register.

"* Meters shall be 3 stator, 120 volt for use on a wire Y, 3-phase

system.

"* Meter multiplier shall be shown on the face plate and shall be

the product of the indicated current transformer and potential

transformer ratio.

Draw out arrangement for meter removal incorporating

automatically short circuit current transformer circuits.

"* Meter covers shall be polycarbonate resin.

"* Meter detent to prevent negative registration by restricting tHe

backward rotation of the disk.

"* The normal billing data scroll shall be fully programmable. The

following items shall be displayed in the data scroll:

- Kilowatt hours

- Maximum demand

- Cumulative or continuously cumulative

- Number of demand resets

- Time remaining in interval

- End-of-interval indication

- New maximum demand indication
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"The register shaTl inczrporate a tuilt-in test moce that allows

it to be tested without the need for any special t:ols or other

accessories and saves data and conszants tefore start of -.he

test. The following 4,an:ities shall 'e available fOr cisplay in

the test mode:

- Time remaining in demand interval

- Present interval's accumulating cemand

- Maximum demand

Number of impulses being received by the register

"* Pulse initiator with programmable ratio selection.

"* Battery with battery port for quick changes.

"* Meters shall be programmed after installation.

"* Meters shall be tested, calibrated, and certified after

installation.

"* Self-monitoring to: provide for stored data check sum error, ROM

and RAM checksum error, battery fault, and unprogrammed register.

Liquid crystal display, 9 digits, blinking squares confirm

register operation.. Large digits for data and smaller digits for

display identifier.

Display operations, programmable sequence with display

identifiers. Display identifiers shall be selectable for each

item. Continually sequence with time selectable for each item.

C4-:uit Breakers: Molded e circuit breakers shal" be furnished in

branch feeder units using z.2-cuit breakers as a disconnect means. All

circuit breakers will have a push-to-trip test feature for testing and

exercising the trip mechanisnr. Breakers shall be UL listed for a minimum

of 22,000 amperes RMS sy=mmetricaT fault withstandaoility.

A-79



Main breaKers (480 vct pane~s cnly) shall be e uipoew with auxiliary

contacts and shunt tr!; coi.s. CWtional electrical operation mechanisms

shall be proposed for possible use if funding levels are acecuate.

:derilcation: A control center identificaticn nameplate with factory

identification numoers and characteristics shall te fastened on the

vertical wire trcugh door of every section. Each unit shall have its own

identification nameplate fastened tc the unit saddle. These nameplates

shall have suitable references to factory records for efficient

ccnmmunication with supplier. Each unit shall also have an engraved

nameplate fastened to the outside of the unit door for ease in

identification and for making changes when regrouping units. Main

breakers (480 panels only) shall be equipped with auxiliary monitoring

contacts and shall be equipped with short trip controls. Optional

electrical operations shall be proposed for possible use if funds are

adequate.

Wiring: The switchgear wiring shall be NEMA Class Ii, Type B.

As defined by NEMA Standard ISC-2-322, Class II switchgear shall include

the necessary electrical interlocking and interwiring between units.

Type B wiring shall include terminal blocks mounted on lift out brackets

in the units.

Terminal blocks shall be quick separating pull-apart solderless box lug

type or equal.

ri.sh: All metal structural and unit parts shall be completely painted

using an electroaeposition process so that the interior and exterior

surfaces as well as bolted joints have a complete finish coat on and

between them.
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2.1 Following tests shall be performed and resul:s recor~ed. All the

ecuipment tests shall be performed in accor:ance 4-'h HEE, NEMA. and ANSI

Stancards where such stancards are definitive. All est cata including tu:

not limited to test circuitry, faulty ecuipment, and remedial action will

te recorded, certified, correlated, bound, and fýrnished to the Owner.

a. Wiring continuity - point to point check and verification with the

wiring diagrams.

b. Wiring insulation - check to ground - megger at 600 volts.

c. Power of proper amplitude and frequency shall be applied to all AC and

DC circuitry. Three-phase potential and current of proper frequency.

shall be applied to all applicable AC connections.

d. Polarity tests of all AC and DC circuitry. Three-phase power and

phase angle meter shall be used to make AC polarity test on power

feeds and metering circuits.

e. Functional tests shall be performed on all equipment to indicate

proper operation of all protection, metering, and control equipment.

Power circuit breaker simulators shall be employed for the primary bus

to verify proper operation of all equipment.

f. The Owner may at his option provide specific relay and "netering test

forms to be complied with, otherwise the Seller shall submit 2 copies

of Seller's standard test forms for review by the Engineer.

g. All "as left" test values shall be recorded and shall be within

manufacturer's tolerances. Manufacturer's tolerances shall be

indicated on the test forms.
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n. he intent of the acz:e;ance test 4s to :etermine :•athe meters and

relays have not sustained damaged during sh-pment frcm the

manufacturer and that the meters and relay calibrations have not been

disturbed. f tne examination or test dndicates tnat re-adjustment is

necessary, the relay shall be repaired anc/cr calitrated as per

manufacturer's rinstructicns.

3.2 The Owner and/or Engineer may elect to visit the Seller's facilities

on completion of fabrication of the equipmen: to inspect the equipment and

witness testing as outlined in Section 3.1.
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SPECIFICATION

FOR THE PURCHASE AND INSTALLATION OF

CAST COIL TRANSFORMERS AT THE

SAN DIEGO NAVAL FACILITY

1. SCOPE

1.1 Scope. This specification covers the design, fabrication, testing,

installation, and inspection of cast coil, dry-type, power transformers and the

removal of existing polychlorinated uiphenyl (PCB) transformers, handling of

PCB fluid, and obtaining the permits required for hauling hazardous waste. The

intent is to make a turnkey replacement with advanced technology transformers

including any equipment needed to replace the existing transformers. They will

be used to provide the Navy with performance data on these advanced technology

devices.

1.2 Applicability. It is not the intent to specify details of design and

construction except where necessary to establish performance requirements, nor

is it intended to set forth those performance requirements, which are

adequately specified in applicable standards.

All components of the transformers shall be new and function in a

satisfactory manner within their rated capacity under the specified service

conditions regardless of whether all necessary specific performance

requirements are set forth herein or in applicable standards.

2. APPLICABLE DOCUMENTS

The following documents form a part of this specification to the extent

specified herein. The issue of a document and amendments in effect on the date

of publication of this specification shall apply.
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2.1 American National Standard Institute (ANSI).

ANSI-C57 12.01 General Requirements for Dry-Type Distribution and

Power Transformers

ANSI-C57 12.70 Terminal Markings and Connections for Distribution and

Power Transformers

ANSI-C57 12.80 Terminology for Power and Distribution Transformers

ANSI-C57 12.91 Test Code for Dry Type Distribution and Power

Transformers

ANSI-C57 12.94 Recommended Practice for Installation Application,

Operation, and Maintenance of Dry-Type General Purpose

Distribution and Power Transformers

ANSI-C57 12.96 Loading Dry-Type Distribution and Power Transformers

ANSI-C57 12.98 Guide for Transformer Impulse Tests

C2-1989 National Electrical Safety Code

Z35.1 Specifications for Accident Prevention Signs

2.2 National Electric Manufacturers Association (NEMA).

NEMA TRI-1974 Transformers, Regulators, and Reactors

2.3 National Fire Protection Association (NFPA) Publication.

NFPA 70 National Electrical Code
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2.4 Others.

IEEE 400-1980 IEEE Guide for Making High Direct Voltage Tests on
Power Cable Systems in the Field

NEESA 20.2 - 028a PCB Compliance, Assessment, and Spill Control Guide

OPNAVINST 5090.1 Environmental and Natural Resources Protection Manual

29 CFR General Industry Safety and Health Standards

40 CFR 263 Standards Applicable to Transporters of Hazardous Waste

40 CFR 761 Polychlorinated Biphenyls (1979)

49 CFR 172 Hazardous Materials Tables and Communications Standards

49 CFR 173 General Requirements for Shipping and Packaging

California CAC
Title 22,

Civision 4 Environmental Health

PWC San Diego Utility Standards

MI&L-P-28641 Primer Coating, Vinyl Chlorine Acetate, Copolymer, High

Build (for steel and masonry)

MIL-Q-9858A Quality Program Requirements

3. TECHNICAL REQUIREMENTS

3.1 General. The transformers shall have low loss metal cores and shall be
three phase three-winding, self-cooled, dead front, suitable for installation

indoors or outdoors, or as specified in the attached data sheets in
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Appendix A. They shall have primary and secondary compartments that shall

enclose all termination devices so that no live parts are exposed when the

transformer is energized. Unit substation transformer installations are exempt

from the dead front requirement. The transformer and installation shall meet A

all applicable requirements of the ANSI, ASTM, NEC, and NEMA publications as

specified herein. The transformer shall be of new construction. The

successful bidder shall be responsible for all field modifications,

measurements, provide installation and checkout, and turn the transformer over

to the operations department, PWC San Diego, through the EG&G Idaho, Inc.

Resident Engineer, ready for operation.

3.2 Electrical Products. All materials, appliances, equipment, or devices

shall conform to the applicable standards of the Underwriter's Laboratories,

Inc. (UL) and applicable chapters of the National Electrical Code (NFPA 70),

where such standards exist. All materials, appliances, equipment, or devices

shall be listed and/or labeled by UL, where such standards exist.

3.3 Condition of Products. Except as otherwise indicated, new electrical

products free of defects and harmful deterioration shall be provided at the

time of installation. Each product provided shall be complete with trim,

accessories, finish guards, safety devices, and similar components specified or

recognized as integral parts of the product, or required by the governing

regulations.

3.4 Uriforiity. Where multiple units of a product are required for the

electrical work, identical products shall be provided by the same certified and

approved manufacturer without variations except for sizes and specific

variations as indicated.

3.5 Test Point Observation. The successful bidder shall supply EG&G Idaho

with a flow sheet for the manufacture of each transformer indicating all test

points. The successful bidder shall notify EG&G Idaho, in writing, of the date

that each test will be conducted at least 14 days before that test and will

admit EG&G Idaho and government representatives to witness the tests.
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3.6 Perfo-mance Requirements. Each transformer shall comply with the

following performance requirements as specified in ANSI-C57 12.00, except as

noted in the data sheet in Appendix A.

Transformer Rating As specified in Appendix A.

Auxiliary Cooling Forced air provisions, fan mounts, and

temperature sensor access points as a minimum

shall be provided for future. Refer to the

data sheets in Appendix A for special

instructions.

Primary Voltage As specified in Appendix A. Note special

dual voltage reouirements.

Primary Connection As specified in Appendix A.

Frequency and Phase 60 Hertz, 3 Phase

Secondary Voltage As specified in Appendix A. Note special

dual voltage requirements.

Secondary Connection Wye connection with neutral to be br--ught out

through an insulated bushing with external

ground strap.

Temperature Rise 80"C, per NEMA TRI-1974

Taps - No-Load Minimum of five full capacity high voltage

taps (two 2 1/2% taps above and 2 1/2% taps

below normal voltage and tap position

indicators).
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Insulation Levels

Primary Voltage 95 KV BIL for Insulation Class 15 KV and 75

KV BIL for Insulation Class 5 KV. Based on

specific voltage ratings, which are in the

data sheets in Appendix A.

Secondary Voltage 30 KV BIL for Insulation Class 600 V. For

specific voltage ratings, see the data sheets

in Appendix A.

Coil Construction HV and LV windings shall be cast as separate

rigid tubular coils and arranged coaxially.

Transformers 300kVA and under may be

constructed using approved non-tubular A

connected coils. Each cast coil shall be

fully reinforced with fiberglass cloth and

tape (or equivalent) and cast under vacuum in

a mold to ensure complete, void-free resin

impregnation throughout the entire insulation

system. Coils shall be supported by cast

epoxy bottom supports and spacer blocks (or

equivalent) and spring loaded top blocks (or

equivalent) and have no rigid mechanical

connection. Both primary and secondary

windings shall be copper or approved low loss

aluminum. Approval is based upon showing

optimal loss evaluation cost performance

values.

Impedance As specified in the data sheets in Appendix A

with the following guidelines:

I. The minimum allowable impedance for

transformers 750 KVA and above is 4.0

percent.

2. The minimum allowable impedance for

transformers 500 KVA is 3.5 percent.
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3. The toleraice is +/- 7 1/2 % except for

the transformers with dual rated primaries

which shall have an impedance tolerance of A

+/-10%.

No-Load Loss The no-load losses (core loss) shall be

optimized per the evaluation formula provided

in the attached bid pacKage/Request for

Proposal (RFP).

Load Loss The load losses (winding losses) shall be

optimized per the loss evaluation formula

provided in the attached bid package/RFP.

Sound Level Shall not exceed noise level per NEMA

standaras.

Core Mate-ial The core shall be assembled with low loss,

(General) silicon steel sheets and shall be properly

braced and assembled. The specific type of

low loss silicon steel is to be determined by

the manufacturer to meet the lowest total

operating costs and optimize no-load losses.

However, the intent of this replacement

program is to install advanced technolc;

transformers wherever it is economicall

feasible. The use of amorphous metal, .ser

etched steel, or other advanced technolIgy

core material is encouraged in order to meet

low operating cosL criteria.

Core Material This section only applies to those devices

(Amorphous) specified with an a-iorphous metal core. The

transformer shall be constructed of low loss

amorphous metal in a wound or stacked cc

design as designated in the RFP. The

complete core assembly shall be fully

7
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encapsulated with a protective coating of

approved material to eliminate sharp edges
and prevent flaking particles and to protect

the core from corrosive products. The

no-load loss shall be less than 45% of those

for comparable silicon steel core designs.

It is known that wound core is standard.

However, a few of the options in the data

sheets specifically require that stacked core
will be treated as a research project to cet

a "new" technology unit. The other amorphous

core devices can be wound (or stacked) at the

manufacturer's discretion.

3.7 Environmental Conditions.

Elevation 50 feet above sea level

Location Indoor/outdoor (See Appendix A.)

Temperature Range O'C to 400C

3.8 Accessories. The transformer shall have the following accessories as a
minimum. The accessories shall be constructed and located as described in
ANSI-C57 12.00.

"* Elbow terminators, fuses, and load breaker switches as called out in
Section 3.6, primary connection section, and per individual data

sheets in Appendix A.

"* Dial type thermometer with alarm contact of sufficient capacity to

control the future fan contactor and an additional contact for a
future utility control system. Thermometer shall monitor the hottest

secondary coil phases.

"* Tap changer (de-energized operation only).

"* Lifting, moving, and jacking provisions.
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" Stainless steel/aluminum nameplate with information required in A

ANSI-C57 12.00 on the transformer exterior. (note: stainless steel

is preferred)

"* Ground pads.

" A junction box shall be located on the transformer nameplate and

contain a terminal board for all electrical circuits entering or

leaving the junction box. The junction box shall have a hinged door

with a gasket and a handle with provisions for padlocking. All

electrical circuits from components mounted within the transformer

shall run to this terminal board.

" An optional coil surface tempe-ature sensing thermocouple shall be

mounted in the prevailing transformer thermal hot spot for each

secondary phase coil. As a minimum, provisions for adding a future

thermocouple shall be provided even if the option for the coil surface

temperature sensing thermocouole is not added. Each thermocouple

shall be installed such that .. will preclude circulating air

influence. These three thermocouples will provide input to an

electronic temperature monitor. This instrument shall respond to the

hottest phase temperature and automatically display this reading. An

analog meter shall continuously display the hottest phase temperature

and indicate individual phase readings or the maximum temperature

reached over a period of time. Light emitting diodes are not

acceptable. The highest temperature shall also be used to initiate

alarm and trip functions and is stored for future recall until the

maximum temperature memory is cleared. Fail safe alarm relay circuits

automatically actuate if supply power has been lost. Maximum

temperature can be recalled even if supply power has been

interrupted. A self-test procedure allows set points to be determined

and their operation verified. Alarm and trip set points will be

tested from the front panel. Open thermocouple circuits are detected

and indicated, but do not affect instrument operation. Manual control

of alarm and test functions shall be provided. All input and output

connections shall be made to the terminal blocks on the back of the

instrument. The set points of this thermal device shall be
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adjustable, and two sets of alarm and trip contacts shall be

provided. The alarm contacts on the temperature indicator shall be

factory wired and brought out to the terminal blocks on the exterior

of the transformer enclosure. The terminal blocks shall be mounted in

the junction box. A thermometer with a remote sensing bulb is not

acceptable. The thermocouple shall be removable without disconnecting

the electrical wiring. The temperature monitor system shall be

graduated in degrees centigrade and shall be tested at 200"C

before installing on the transformer. The thermally operated device

shall be coordinated with the transformer design and shall be

connected and set to function as follows:

- First stage shall be adjustable and set at 140"C temperature

at which the substation audible bell alarm is activated.

- Second stage shall be adjustable and set at 155"C temperature

at which the transformer is isolated by removing the electric

load and tripping all the power circuit breakers via the circuit

breakers' shunt trip coils (by others in the future).

3.9 Enclosure Construction. The enclosure shall be constructed of heavy gauge

painted sheet steel. All ventilating openings shall be in accordance with NEMA

and National Electric Code standards for ventilated enclosures. The base shall

be constructed of structural steel members to permit skidding or rolling in any

direction. Stainless steel enclosures for outdoor transformers are not

required, but optional prices for stainless enclosures are requested.

The core shall be grounded to the frame in accordance with applicable NEMA

and ANSI standards.

3.10 Paint. The color of the finished transformer shall be C37.20 Federal

Standard 595 dark forest green enamel.

3.11 Miscellaneous Requirements.

3.11.1 Insulated Phase Barriers. Primary or secondary insulated phase

barriers shall be provided.
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3.11.2 Undercoating. Transformers, which have bases that come in contact

with concrete, shall have the underside of their bases coated with a corrosion

resistant coating that conforms to Military Specification MIL-P-28641 (or an

equivalent) with a minimum thickness of 4 mils.

3.11.3 Warning Signs. In accordance with ANSI Z35.1, warning signs shall

be provided for the enclosures of electrical transformers having a nominal

voltage rating of 500 volts or above.

3.12 Provisions for Fan Cooling. The transformer, 500 KVA or larger, shall

have provisions for future fan cooling (by others). As a minimum, fan mounting

brackets and dial thermometers with control contacts shall be provided.

3.13 Testing. The following tests shall be performed in accordance with NEMA

TRI, ANSI-C57 12.91, and ASTM Standards as listed by the associated tests. All

testing, except the field tests, shall be done at the factory, and the

certified results shall be submitted to the buyer for approval before shipment

of the transformer. Field tests shall be performed unless specifically denied

by EG&G Idaho and shall also have certified test procedures and results if

opted by EG&G Idaho. All testing included in this Specification shall be

performed and costs must be included in the transformer purchase price.

The purchaser reserves the right to witness any or all tests, and the

vendor shall notify the purchaser 14 days in advance of the date for conducting

any test (see Section 3.5).

Field tests shall be conducted by representatives of the manufacturer and

shall be completed after the transformer has been set in place and before the

primary and secondary connections are made. These tests shall be as described

in Section 3.13.2.

The tests below shall be made on each transformer as a minimum

requirement. The order of listing does not necessarily indicate the sequence

in which the tests shall be conducted.

A-97



ES-51334

3.13.1 Factery EFectric Tests.

1. Coil resistance measurements of all windings on the rated voltage

connection and at the tap extremes.

2. Turns ratio test on the rated voltage connections.

3. Polarity and phase relation tests on the rated voltage connection.

4. No-load loss at rated secondary voltage on the secondary voltage

connection.

5. Exciting current at rated voltage on the rated voltage connection.

6. Impedance and load loss at rated current on the rated voltage

connection and on tap extremes.

7. Temperature rise tests under conditions specified in ANSI Standards

for transformers (typical temperature rise of the "exact" design may

be substituted with written approval).

8. Dielectric test.

9. Applied potential test.

10. Induced potential test.

11. Impulse test.

12. Partial discharge test (Note: this test is not covered by ANSI-C57

12.91), test at 1.5 times the rated voltage and 400 Hertz (or equal).

If partial discharge does not extinguish by 110% of rated voltage, the

transformer shall be rejected. Optional standard factory test methods

must be approved by the Resident Engineer before they can be

substituted for this test.
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3.13.2 Field Tests. Field tests shall be performed as part of

installation. Test reports shall be certified for methodology and accuracy.

No-load loss as measured from the secondary winding at ambient

temperature (ANSI-C57 12.9). Record both ambient and top oil

temperatures. Conduct this test on both the existing transformers to

be removed and the new transformers. Record ambient temperatures on

the test reports.

Insulation power factor (Method II ANSI-C57 12.90, Section 10.9) Doble

Test or equal. (Insulation power factor to be 0.9 or less.)

Before energizing transformer, test transformer turns ratio (TTR) at

all tap settings. Megger all leads before connecting them to the

transformer and check the leads for grounds using a VOM before any

connections are made. Any lead with a Megger reading of less than

10 megohms shall be replaced.

4. QUALITY ASSURANCE PROVISIONS

Unless otherwise specified, the supplier is responsible for all

examinations and inspections as specified herein. The vendor shall maintain a

Quality Assurance Program in accordance with MIL-Q-9858A or an approved equal

during the performance of the contract, which provides adequate quality

assurance and control throughout design, fabrication, testing, inspection, and

shipping of the transformer. The vendor shall provide the documents describing

the Quality Assurance Program and containing the procedures that will be

invoked to comply with the above. An Insý--:tion and Test Procedure shall be

prepared and submitted to the buyer for a6;'oval. Final inspection and test

reports as required by this Specification shall be submitted to the buyer for

approval. The vendor shall maintain a calibration sys'nm for the periodic

calibration of test instruments to standards traceable to the National Bureau

of Standards.

Vendor data shall be submitted per att,.-ned "Vendor Data Requirements List"

(see Appendix B).
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5. PACKAGING

The transformer shall be prepared for shipment within the Continental

United States. All accessories shall be protected from damage. The

transformer shall be sealed to prevent entry of moisture or foreign materials

during shipment. Documents as indicated in Appendix B shall be required.

Shipping is the responsibility of the supplier as part of the total

installation package.

6. SUBMITTALS

Within 30 days of receipt of the order, the vendor shall furnish the

purchaser all necessary outline drawings and weights of the transformers.

6.1 Shop Drawings and Manufacturer's Data. Shop drawings for transformers

shall indicate, but shall not be limited to, the following:

Overall dimensions, front view, interfaces with existing equipment,

and sectional views.

Ratings and sizes of lugs, impedance, taps, and fans.

Manufacturer's published main secondary breaker and feeder devices at

each transformer to allow designer to provide settings, which will

ensure that proper protection and coordination will be achieved.

Complete list of parts and/or supplies with current unit prices and

source of supply.

6.2 Certified Laboratory Test Data. Certified copies of reports of all tests

shall be submitted as required.

6.2.1 Transformer Tests. Transformer test shall be performed in

accordance with the ANSI-C57 12.91 for dry-type transformers standard test code

and Section 3.13. Certified copies of test data for the tests shall be
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submitted and shall receive approval before delivery of equipment to the

proj-t site. Fiel.d test data sheets shall be submitted within 14 days after

tes. ompletion.

7. DEMOLITION AND CONSTRUCTION

7.1 Demolition and Construction General Requirements. The vendor shall

furnish technical personnel to be present at the site to perform, as a minimum,

the following tasks (see Appendix C). Permits for PCB fluid and transformer

casing transport shall be obtained by the successful bidder before removal.

Note that OSHA regulations require workers handling PCBs to be properly trained

and certified.

Request and have the operating Contractor (PWC personnel) de-energize

the existing transformers.

Test the existing transformers for no-load loss, record data, and

submit in writing to the Resident Engineer.

Drain the PCB fluid from each transformer into approved drums, seal,

and deliver it to the interim hazardous waste storage area at the

base.

Purge the transformer case with dry nitrogen gas and seal.

Remove anc liver the transformers to the interim hazardous waste

storage are. at the bi e as designated by the Resident Engineer.

Provide and install new transformers and test per Section 3.13.2.

Request PWC personnel to energize the system.

Verify proper operation and turn the operating transformer , to

EG&G Idaho for remanding to PWC San Diego.

The EG&G Idaho's Resident Engineer shall coordinate all outages and provide

interface between the successful bidders, installers, and the operating
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Contractor (PWC). PWC Code 640 is responsible for manifesting all PCB

(hazardous waste) activity, and PWC shall be contacted though the EG&G Idaho

Resident Engineer.

7.2 Draining. Service shall include removal, packaging, and transporting [to

a Defense Reutilization and Maintenance Organization (DRMO) hazardous waste

staging area] of the PCB or PCB contaminated fluid initially drained from the

transformers. DRMO waste shall be clearly labeled with the contents, level of

contamination, its source, and manifested by PWC Code 640.

The Subcontractor must review and comply with the minimum Outline Spill

Prevention, Control, and Countermeasures (SPCC) Plan procedure before draining

fluid from a PCB transformer (see Appendix D). Appendix D details the SPCC

requirements that the Subcontractor must observe.

7.3 Transportation and Disposal. All hazardous waste material shall, as a

minimum, be contained in Department of Transportation (DOT) approved containers

from point of removal until delivered to final disposal site. The following

are methods of handling wastes and are subject to the requirements of 40 CFR,

Part 263 and 49 CFR, Parts 172 and 173 and shall be superseded if the

regulations are amended.

I. Drums shall be DOT approved for hazardous waste: 17E for fluids,

17H for porous solids, and 17H for rags and solvent.

2. Bulk containers shall be six sided, welded steel construction,

lined with a minimum of 10 mil plastic sheet, and watertight.

The container shall be handled by a truck specially fitted to

transport the container from generation point to disposal point.
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APPENDIX A

TRANSFORMER DATA SHEETS

A-103



ES-51334

TRANSFORMER DATA SHEET

Transformer Identification (PWC69-OLD) CC69-NEW *

Location BLDG 94 OUTDOORS

Size 750/1000 KVA

Primary Voltage 2.4/12 KV DUAL *

Primary Winding Type DELTA

Secondary Voltage 480 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 5 %

Primary Switch NEW 3 POLE 15 KV 600 AF/300 AT FUSED
SWITCH

Primary Connection PROVIDE TRANSITION CUBICLE TO NEW
SWITCH

Secondary Connections PROVIDE NEW COPPER BUS CONNECTIONS
TO NEW SECONDARY SWITCHGEAR. PROVIDE
AND INSTALL NEW SECONDARY SWITCHGEAR
PER SKETCHES. (SEE APPENDIX E OF
THIS DOCUMENT.)

Secondary Breaker PROVIDE AND INSTALL NEW SWITCHGEAR
PER ATTACHED SKETCHES

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

* This is a replacement of transformer PWC #69, an existing 500 KVA 3
phase 480 'f 'CB transformer.

"I Supply fan to achieve higher rating.
SDual voltage primary winding is an option. Regardless of whether

the option is exercised, the 2400 VAC primary must be supplied. If A
the option is exercised then taps shall be provided for the higher
rating (12 KV).
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TRANSFORMER DATA SHEET

Transformer Identification .PW.7C-0. 2, C:"-NEN

Location ELOG 94

Size 200 KVA

Primary Voltage 481 V

Primary Winding Type DELTA

Secondary Voltage 2086!20 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 3.0

Primary Switch N/A

Primary Connection NEW FEED FROM NEW SWITCHGEAR
(SEE CC69)

Secondary Connections NEW CABLE AND CONDUIT CONNECTIONS TO

EXISTING S.,TCHGEAR (2 places)

Secondary Breaker EXISTING BREAKER PER ATTACHED SKETCH

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RrP

* Consolidation replacement of existing PCB transformers (#70 and

#71). See sketches SD 1, 2, and 3 for additional information.
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TRANSFORMER DATA SHEET

Transformer Identification CPWC]6-OLD) CC16-NEW *

Location BLDG 342

Size 112.5 KVA

Primary Voltage 2.4/12 KV DUAL **

Primary Winding Type DELTA

Secondary Voltage 480/277 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 3.0

Primary Switch NEW 3 POLE 15KV 5OAF FUSED

Primary Connection TRANSITION AND CABLE TO NEW SWITCH

Secondary Connections REUSE EXISTING --- SPLICE TERMINATION
FOR CONNECTIONS TO EXISTING
SWITCHGEAR

Secondary Breaker REUSE EXISTING BREAKER -NO CHANGES

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

* Replacement of existing 112.5 KVA PCB transformer.
• * Optionally propose and construct this unit with an amorphous stacked

core, as per specification.
- Dual voltage primary winding is an option. Regardless of whether

the option is exercised, the 2400 VAC primary must be supplied. If A
the option is exercised then taps shall be provided for the higher
rating (12 KV).

-7
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TRANSFORMER DATA SHEET

Transformer Tdentification -tPWC48-OLD) CC48-NEW

Location BLDG 473

Size 112.5 KVA

Primary Voltage 2.4. Kv

Primary Winding Type DELTA

Secondary Voltage 2081120

Secondary Winding Type WYE-GROUNDED

Percent Impedance 3.0

Primary Switch REUSE EXISTING SWITCH

Primary Connection NEW TRANSITION TO EXISTING SWITCH

Secondary Connections PROVIDE AND INSTALL NEW SECONDARY
TRANSITION CUBICLE

Secondary Breaker REUSE EXISTING SWITCHGEAR

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Replacement of existing PCB transformer.
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TRANSFORMER DATA SHEET

Transformer Identification (PWC45-OLD) CC45-NEW *

Location ELDG 472 OUTDOORS **

Size 1500 K.'A

Primary Voltage 12 KV

Primary Winding Type DELTA

Secondary Voltage 481/277 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 5.75

Primary Switch REUSE OF EXISTING SWITCH

Primary connection NEW TRANSITION TO EXISTING SWITCH

Secondary Connections COPPER BUS CONNECTIONS TO NEW
SWITCHGEAR

Secondary Breaker REUSE EXISTING BREAKER AND SWITCH-
GEAR "

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

* This will replace existing PCB 1500 KVA transformer.
"* Use corrosion resistant external packaging, NEMA 3R minimum. Also

provide optional ccst to include stainless steel rain cap.
"** Include cost proposal to replace these switches as an option.
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TRANSFORMER DATA SHEET

Transformer Identification (DWC26-OLD) CC26-NEW *

Location BLDG 378-6 OUTDOOR

Size SOO KVA

Primary Voltage 12 KV

Primary Winding Type DELTA

Secondary Voltage 480/277 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 5.75

Primary Switch REUSE EXISTING AIR INTERRUPTER zW"rCH
600 A

Primary Connection TRANSITION FROM EXISTING SWITCH

Secondary Connections PROVIDE AND INSTALL NEW CONNECTIONS
TO EXISTING SWITCHGEAR EXTEND IF
REQUIRED

Secondary Breaker REUSE EXISTING 800 A SECONDARY
BREAKER AND SWITCHGEAR

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Replacing existing 500 KVA PCB transformer.

No diagram provided.
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TRANSFORMER DATA SHEET
Transformer Identification (PWC27-OD) CC27A-NEW

Location BLDG 378-1

Size 750/1000 KVA **

Primary Voltage 12 KV

Primary Winding Type DELTA

Secondary Voltage 480 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 5.75

Primary Switch PROVIDE-AND INSTALL NEW 15 KV CLASS
PRIMARY SWITCH AND NEW !2 KV FEEDER

Primary Connection TRANSITION TO NEW SWITCH

Secondary Connections NEW COPPER BUS CONNECTIONS TO NEW
SWITCHGEAR

Secondary Breaker P & I NEW SWITCHGEAR. SEE SKETCH
BREAKER AND SWITCHGEAR

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED-PER LOSS EVALUATION IN RFP

* This unit is replacing an existing 1000 KVA PCB filled transformer.
** Supply fans to achieve higher rating.
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TRANSFORMER DATA SHEET

Transformer Identification (PWC27-OLDQ CC27B-NEW

Location BLDG 378-1

Size 500 KVA *

Primary Voltage 480 V

Primary Winding Type DELTA

Secondary Voltage 208 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 5.75,Z

Primary Switch PROVIDE AND INSTALL NEWSWITCHGEAR
SEE SKETCH

Primary Connection TRANSITION FROM NEW SWITCHGEAR

Secondary Connections NEW COPPER BUS CONNECTIONS TO EXISTING
SWITCHGEAR - .

Secondary Breaker REUSE EXISTING SWITCHGEAR

Maximum No-Load Loss DETERMINLD PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

* No primary voltage taps are required on this transformer due to the high
current level. Note requested optional price for addition of standard
primary voltage taps on this unit in the pricing schedule.
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TRANSFORMER DATA SHEET

Transformer Identification (OWC49-OLD) CC49-NEW

Location BLDG 489-1

Size 1500 KVA

Primary Voltage 12 KV

Primary Winding Type DELTA

Secondary Voltage 480/277 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 5.75

Primary Switch REINSTALL EXIS71NG PRIMARY SWITCH

Primary Connection CONNECT EXISTING SWITCH

Secondary Connections NEW COPPER BUS CONNECTIONS TO
EXISTING SWITCHGEAR

Secondary Breaker EXISTING SWITCHGEAR

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss OETERMINED PER LOSS EVALUATION IN RFP

The existing PCB unit is already missing and will not have to be
handled as part of this changeout.

Note: This unit will be installed in an existing station. The installer
will have to remove an existing temporary transformer and place it
aside for removal by others prior to installing the new
transformer. The installer will also have to reinstall the existing
primary switch, which was disconnected while the temporary
transformer was installed. The existing temporary transformer is a
3750 KVA unit and will require an oversized crane to lift out and
set on the ground. This unit is nonPCB and will not require
additional handling.

No diagram provided.
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TRANSFORMER DATA SHEET

Transformer Identification (PWC.-220.1.2-OLD) CCI-220-NEW

Location BLDG 379-3

Size 300 KVA

Primary Voltage 2.4122 KV DUAL **

Primary Winding Type DELTA

Secondary Voltage 240 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 4.5

Primary Switch REUSE EXISTING PRIMARY SWITCH IA

Primary Connection PROVIDE NEW CABLE CONNECTIONS TO
EXISTING SWITCH

Secondary Connections PROVIDE NEW CONDUIT AND CONDUCTORS TO

EXISTING SWITCHGEAR

Secondary Breaker REUSE EXISTING SWITCHGEAR

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

This new three phase transformer is replacing three existing 167 KVA
single phase PCB transformers.

•* Dual voltage primary winding is an option. Regardless of whether
the option is exercised, the 2400 VAC primary must be supplied. If
the option is exercised then taps shall be provided for the higher A
rating (12 KV).

**' There are three oil-fused contactors which are feeding the
transformer to be removed. It is believed that the three contactors
are PCB-contaminated, and they snould not be disturbed.
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TRANSFORMER DATA SHEET

Transformer Identification (DWCI-j58-OLD)_ CC1-158-NEW *

Location BLDG 333-1

Size 112.F KVA

Primary Voltage 480 V

Primary Winding Type DELTA

Secondary Voltage 208,120 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 4.5

Primary Switch PROVIDE AND INSTALL NEW 480 V BREAKER
IN NEW SWITCHGEAR, SEE SKETCHES

Primary Connection SEE SKETCHES

Secondary Connections TRANSITION TO EXISTING PANEL

Secondary Breaker REUSE EXISTING

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

* This unit replaces the existing 112.5 KVA PCB transformer.
** This transformer will be installed on a mezzanine located

approximately 30 feet AAF. Extra rigging and PCB handling efforts
will be required.
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TRANSFORMER DATA SHEET

Transformer Identification (CW--y• C::_-.E7-NFW

Location FL2G 2:3-1 **

Size 112.5 KVA

Primary Voltage 480 V

Primary Winding Type DELTA

Secondary Voltage 240 V

Secondary Winding Type WYE

Percent Impedance 4.5

Primary Switch PROVIDE-AND INSTALL NEW 480 V BREAKER
IN NEW SWITCHCEAR, SEE SKETCHES.

Primary Connection SEE SKETCHES

Secondary Connections TRANSITION TO EXISTING PANEL

Secondary Breaker REUSE EXISTING BREAKER

Maximum No-Load Loss DETERMINED PER LOSS EVALUA71ON IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUA7ION IN RFP

* This unit is replacing the c.isting 112.5 KVA PCB transformer.

** This transformer will be installed on a mezzanine located

approximately 30 feet AFF. Extra rigging and PCB handling efforts
will be required.
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APPENDIX B

VENDOR DATA REQUIREMENT LIST

A-13 0



ES-51334

APPENDIX B

VENDOR DATA REQUIREMENTS LIST

* No.of **

When Copies Reference Approval
Description Required Required Paragraph Req'd.by

1. Drawings, sketches, schematics BC 12 NA R AB/DE
and other data shall be
submitted with the bid
sufficient for evaluation of
contract proposal.

2. Quality Manual and Procedures BC 12 4.0 R AB/DE
3. Inspection and Test Procedures BFR 12 3.2, 3.10 1 AB/DE
4. Inspection and Test Results PS 12 3.10 R AB/DE
5. Maintenance manual which PS 12 5.0 1 AB/DE

includes as a minimum:
installation instructions,
operating instructions,
preventive and corrective
maintenance tasks, the
frequency of each task, the
tools, equipment, and
procedures with special
emphasis on safety precautions
for the accomplishments of
each task.

6. Priced spare parts list and PS 12 5.0 I AB/D
recommended spares.

7. Guaranteed performance data PS 12 5.0 1 AB/DE
and name plate data.

1. As-built shop drawings schema- PS 12 5.0 R AB/DE
tics and wiring diagram.

9. Installation schedule. PS 12 5.0 AB/DE
10. PCB fluid disposal plan and PS 12 5.0 AB/DE

certification.
11. Spill Prevention, Control, and BFR 12 NA R AB/DE

Countermeasures Plan
12. Certification for Hazardous PS 12 NA R AB/DE

Waste Handlers

* BFR - Before Fabrication Release * BC - Before contract is awarded
* PS - Prior to Shipment ** R - Required

** I - Information Only ** AB - Approval By Buyer
** DE - Approval By Design Engineer
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APPENDIX C

CONSTRUCTION DETAILS
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CONSTRUCTION DETAILS

ELECTRICAL GENERAL PROVISIONS

PART 1 - GENERAL

DESCRIPTION OF WORK:

Summary: The electrical work can be generally summarized in the following

manner, but this is not by way of limitation:

0 Obtain pe-mits for moving hazardous waste.

0 Check and mark phase rotation before de-energizing system.

0 Have PWC personnel de-energize the existing transformers.

* Test existing transformer for no-load losses. Drain the PCB

fluid from each transformer into standard DOT approved drums and

deliver it to the interim hazardous waste storage area on the

base as designated by the Resident Engineer (all work shall

comply with OSHA and EPA regulations).

* Purge the t--nsformer case w th dry nitrogen and seal.

Deliver the existing transformer to the interim hazardous waste

storage area on the base (comply with OSHA and EPA regulations).

* Provide and install new transformers.

* Connect new transformers and test.

-" Request PWC personnel to energize the system.

Verify proper operations and turn the operating transformer over

to EG&G Idaho, Inc. for remanding to PWC San Diego.

A-133



ES-51334

PART 2 - MISCELLANEOUS AND ANCILLARY PRODUCTS

GENERAL:

Furnish all labor, materials, equipment, and appliances required to complete

the installation of the complete electrical systems. All labor, materials,

service, equipment, and workmanship shall conform to the applicable chapters

of the NEC (NFPA 70) and other authorities having lawful jurisdiction

pertaining to the work required. All modifications required by these codes,

rules, regulations, and authorities shall be made by the Subcontractor

without additional charge to the Contractor.

Underwriter's Laboratories (UL): All materials, appliances, equipment, or

devices shall conform to the applicable standards of UL where such standards

exist. All material, appliances, equipment, or devices shall be listed

and/or labeled by UL where such standards exist.

Completed electrical system shall conform with applicable provisions of the

Special Conditions, the Technical Specification, and the attached subcontract

drawings.

CONDITION OF PRODUCTS:

Except as otherwise indicated, provide new electrical products, free of

defects and harmful deterioration at the time of installation. Provide each

product complete with trim, accessories, finish guards, safety devices, and

similar components specified or recognized as integral parts of the product,

or required by governing regulations.

UNIFORMITY:

Where multiple units of a product are required for the electrical work,

provide identical products by the same manufacturer without variations except

for sizes and similar variations as indicated.
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PART 3 - EXECUTION:

COORDINATION OF ELECTRICAL WORK:

General: It is recognized that the subcontract documents are diagrammatic in

showing certain physical relationships that must be established within the

electrical work and in its interface with other work, including utilities and

mechanical work, and that such establishment is the exclusive responsibility

of the Subcontractor.

Arrange electrical work in a neat, well-organized manner with conduit and

simila- services running parallel with the primary lines of the building

const ction and with a minimum of 7 feet overhead clearance where possible.

Locate operating and control equipment properly to provide easy access and

arrange entire electrical work with adequate access for operation and

maintenance.

RESIDENT ENGINEER:

The EG&G Idaho Resident Engineer will ensure that the installation complies

with drawings, specifications, and witness testing.

TRANSFORMERS

PART 1 - GENERAL

W?'K DESCRIPTION:

Provide and install trar.formers oF sizes, ratings, and types as shown on the

referenced data sheets and engineering specification.
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PART 2 - PRODUCTS

MATERIALS:

The transformers shall be as shown on the attached data sheets and shall be

installed at the location indicated on the drawings.

The transformer enclosure shall be suitable for the environment that the

transformer is installed in.

PART 3 - EXECUTION

INSTALLATION:

Install transformers as indicated on the drawings and in accordance with

manufacturer's written instructions, applicable requirements of NEC and the

NEC Association's "Standard of Installation," and complying with recognized

industry practices to ensure that products serve intended functions.

TESTING:

Visually inspect to determine that equipment installation conforms to NEC,

these specifications, and the drawings and testing as described under the

testing section of the specification.

GROUNDING

PART I - GENERAL

WORK DESCRIPTION:

Provide and install grounding on all transformer cases and tie into the

existing grounding system.
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PART 2 - PRODUCTS

MATERIALS:

Grounding electrode wire shall be a minimum of No. 2 AWG bare stranded copper

and comply with NEC Table 250-94.

Ground grid welds shall be made by the Thermit process.

PART 3 - EXECUTION

INSTALLATION:

Install a complete grounding system for the transformers in accordance with
applicable requirements of NEC and complying with recognized industry

practices to ensure that products serve intended functions and comply with

requirements. All exposed noncurrent-carrying metallic parts of electrical

equipment, conduits, grounding conductor of nonmetallic sheathed cables, and
neutral conductor of the wiring system shall be grounded.

Exothermic Welds: Exothermic welds shall be made in accordance with the
manufacturer's written recommendations. No mechanical connector is required

at exothermic weldments.

TESTING:

Visually inspect to determine that ground installation conforms to NEC, these

specifications, and the drawings.

CABLE, WIRE, CONNECTORS AND MISCELLANEOUS DEVICES

PART I - GENERAL

WORK DESCRIPTION:

Provide and install conduit systems, cables, wires, and wiring connectors of

sizes, ratings, materials, and types as shown on the drawings.
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PART 2 - PRODUCTS

WIRING MATERIALS 5 KV AND 15 KV CLASS:

All 5 KV and 15 KV cable shall be shielded and properly terminatec. Cable

shall be EPR MV-90 shielded cable and shall have a 133% insulation level.

HIGH VOLTAGE SPLICES:

Splices in high voltage cables. Splices shall be suitable for continuous

immersion in water and shall be made only in accessible locations in

manholes.

Certification. High voltage cable splicer/terminator certification of

competency and experience shall be submitted 30 days before splices or

terminations are made in high voltage cables. Splicer/terminator experience

during the past 3 years shall include performance in splicing and terminating

all cables of the type and classification being provided under this contract.

Kit Methods. High voltage splices shall be made using a "kit," which shall

be the product of one manufacturer and shall have the approval in writing of

the manufacturer of the cable that is to be spliced. The Contractor shall

provide for continuous submersion in water.

Heat-Shrink Method. All splices for 600 volt and less cables shall be done

by the heat-shrink method. Provide heavy-wall heat-shrinkable splice tubing

rated for sealed underground connector systems. Tubing shall be available

uncoated, or with a thermoplastic adhesive-sealant that adheres to PVC,

neoprene, polyolefin, and EPR aluminum or steel.

Splices in High Voltage Cables. Splices shall be suitable for continuous

immersion in water and shall be made only in accessible locations in

manholes.
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Certification. High voltage cable splicer/terminator certification of

competency and experience shall be submitted 30 days before splices or

terminations are made in high voltage cables. Splicer/terminator experience

during the past 3 years shall include performance in splicing and terminating

cables of the type and classification being provided under this contract.

Kit Methods. High voltage splices shall be made using a "kit," which shall

be the product of one manufacturer and shall have the approval in writing of

the manufacturer of the cable that is to spliced. The contractor shall

provide the Contracting Officer or Contractor's Quality Control

representative with a copy of the manufacturer's instructions before splicing

is started. Splices shall be made only in manholes.

Splices in Shielded Cables. Splices in shielded cables shall include

covering the spliced area with metallic tape, or like material, to the

original cable shield and connecting it to the cable on each side of the

slice. Provide a No. 6 AWG bare copper ground connection brought out in a

water tight manner and ground to a 3/4 inch x 10 feet ground rod as part of

the splice installation. Wire shall be trained to the sides of the enclosure

in a manner to avoid interference with the working area.

Phasing and Rotation. Contractor to record the phasing and rotation of the

existing electrical system before cable splicing, cable removal, termination,

and/or any work that could alter the phasing and rotation of the system.

After completion of the work and before connecting any load to the system,

the contractor shall verify that the phasing and rotation is as it existed

and has not been altered.

WIRING MATERIALS, 600 V CLASS:

Conductors shall be stranded for all sizes of wire and cable.

Conductors shall be copper for all sizes.

Wire insulation shall be type THHN/THWN for all 600 volt conductors unless

otherwise noted.

C-B
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Minimum size of power conductors shall be No. 12.

Splices for 600 Volt Cables. Splices in underground systems shall be made

only in accessible locations, such as manholes and handholes, using a

compression connector of the conductor and by insulating and water proofing

by a method suitable for continuous submersion in water.

Heat-Shrink Method. All splices for 600 volt and less cable shall be done by

the heat-shrink method. Provide heavy-wall heat-shrinkable splice tubing

rated for sealed underground connector systems. Tubing shall be available

uncoated, or with a thermoplastic adhesive-sealant that adheres to PVC,

neoprene, polyolefin, and EPR aluminum or steel.

CONNECTORS:

Compression and/or lug type connectors, such as "Burndy", shall be used for

splicing No. 6, and larger 600 volt cable.

High Voltage Cable Terminations. IEEE 48, Class 2. Except as otherwise

indicated, terminators for extruded insulation nonmetallic jacketed cables

shall be porcelain insulator type. Apply terminator to single conductor

cables or to each conductor of multiple conductor cable that are to the

weather. Terminator shall not exude any filler compound under either test or

service. The terminator shall consist of a porcelain insulator, cable

connector-hoodnut assemble, and aerial lug, as required, metal body and

supporting bracket, sealed cable entrance, and internal stress relief device

for shielded cable, and insulating filler compound or material.

Terminator, Modular, Molded Rubber Type. IEEE 48, Class 2. Provide

terminator as specified herein for terminating single conductor, or the

single conductor of multiconductors, solid insulated, nonmetallic jacketed

type cables for service voltage up to 35 KV outdoor. The terminator shall

consist of a stress control, ground clamp, nontracking rubber skirts,
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crimp-on connector, rubber cap, and aerial lug. Provide heat-shrinkable

elbow sealing adaptor as shown on plans, allowing the metallic cable

shielding to be externally grounded and sealed. Separate parts of copper or

copper alloy shall not be used in contact with aluminum or aluminum alloy

parts in the construction and installation of the terminator.

Wire/Device IdentificaLion: All cable systems, major conduits, and devices

shall be permanently marked. Conduits shall have stainless steel tags at

every 60 feet or where wall or building penetratiors occur. All conductors

shall be identified with self-adhering oil and moisture resistant vinyl

labels, ccvered with clear heat shrink tubing or white heat shrink tubing

with black typed on letters with nonsmearing ink as manufactured by Brady,

T&B, or approved equal. Hand lettered labels shall not be used. All

conductors shall be clearly marked with the proper phase identification.

CONDUIT SYSTEM:

All conduits shall be RGS or IMC with exception of underground, which can be

PVC, and which shall be 3 feet minimum below grade and encased in 2 inches

minimum red concrete. All bends must be RGS or IMC. Conduit systems shall

be completed per the NEC.

PART 3 - EXECUTION

INSTALLATION:

General: Install electrical cable, wire, and connectors as indicated on the

drawings, in accordance with the manufacturer's written instructions,

applicable requirements of NEC and NECA's "Standard of Installation", and in

accordance with recognized industry practices to ensure products serve

intended functions.

Pull conductors together where more than one is being installed in a raceway.

Do not exceed the conductor manufacturer's recommended pulling tension or as

specified in the IPCS Handbook. Use pulling compound or lubricant, where
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necessary; compound must not deteriorate conductor or installation. Tension

shall be monitored when pulls involve more than 40 feet or when 3 or more 90

degree turns are in the system.

Use pulling means in-luding fish tape, cable, or rope which cannot damage

raceway.

Install splices and taps in an accessible junction box that has mechanical

strength and insulation rating equivalent-or-bettEr than conductor.

Use splice and tape connectors that are compatible with conductor material.

TESTING:

High Potential: After installation and installing stress cones, all 15 KV

cable shall be tested at twice the normal operating voltage plus 1000 volts.

The test duration shall be 15 minutes on each cable. See IEEE standard

400-1980 (IEL "fide for making high-direct-voltage tests on power cable

systems in the field).

Meggering: Before terminating, test all cable or wire for insulation

resistance with 500 volt megger. Any wire with less than 10 megohms to

ground or other conductors shall be replaced before proceeding with the

terminating. List conductors tested on required test data submittal sheet.

ELECTRICAL CONTINUITY AND PHASE ROTATION:

After conductor connectors are installed and conductors are labeled, but

before termination to terminals or devices, an electrical continuity test

shall be performed on each conductor using a battery powered buzzer or

ohmmeter to determine that all power, control, grounding, and other

conductors are properly installed and identified. List all conductors tested

on required test data submittal sheets.

After initial energizing of the transformer, check for proper phase rotation.
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APPENDIX D

OUTLINE SPILL PREVENTION, CONTROL, AND COUNTERMEASURES PLAN
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OUTLINE SPILL PREVENTION, CONTROL, AND COUNTERMEASURES PLAN

MINIMUM.SP!LL PREVENTION REQUIREMENTS

The following shall be performed before the start of and during any

fluid removal from a liquid cooled transformer (i.e., PCB filled, oil

filled, or silicone filled).

a. A layer of 6 mil polyethylene sheeting shall be placed around the

transformer.

b. If drains are present, measures will be taken to eliminate the

potential for any fluids from entering the drains. This

includes, but is not limited to, constructing a dike, trenching

around the drain, and/or plugging the drain.

c. Before pumping the fluids, all hoses shall be inspected for any

holes, cracks, or deterioration. Fittings shall be inspected to

ensure a proper connection. Any gaskets utilized in the pumping

operations shall be inspected for integrity. Approved hoses,

pumps, and gaskets shall be used.

d. Drip pans shall be placed under pumps and connections.

e. Pumps and hoses shall be positioned so as to minimize any

tripping hazard.

f. Personnel will monitor the pumping operation at all Limes.

g. An adequate supply of absorbent materials and cleanup equipment

shall be readily available in the event of a mishap.
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This includes the following, but not limited to:

1. Shovels

2. Brooms

3. DOT drums: 17E, 17H, and 85 gallon recovery drum

4. Ample supply of rags

5. Vermiculite (Speedi-Dry)

6. Absorbent booms and/or absorbent pads

7. Assorted corks, plugs, and emergency seals

8. Material Safety Data Sheets (MSDS).

h. All safety equipment shall be inspected before use.

CONTROL

In the event of a spill or leak, the following procedure shall be

implem.-,ted:

a. Stop the source of the spill. Below is a list of probable source

of spills when working with liquid cooled transformers, and the

remedial action to be taken to eliminate the problem.

Source 1. Transformer

1. Location of leaks: valves. Remedial action: plug valve

to reduce or stop spill. Pump fluid below valve and replace

faulty valve.

2. Location of leak: bushing. Remedial action: Pump fluid

below bushing level. Replace gaskets, or if necessary,

replace bushing.
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3. Location of leak: tank wall or radiator pipe. Remedial

action: pump fluid below level of leak and either epoxy or

weld close the leak source. If the source of the leak is

small, a vacuum can be pulled on the transformer before

applying the epoxy sealant or welding. Pulling a vacuum on

the transformer eliminates the need for any pumping

operations.

4. Location of leak: tap changer, liquid level gauge, or

temperature gauge. Remedial action: remove fluid below

level and replace packing material, gaskets, or thread

sealant where applicable.

Source 2. Pumps or Hoses

Remedial action: Stop all pumping operations and place apparatus into an

adequate container to capture any fluids.

Source 3. Drums

Remedial action: In the event that the drum is seeping at the seams, the

fluid shall immediately be transferred to another drum. Should a drum

rupture or become punctured, an oversized recovery drum will be used. The

recovery drum is placed over the top of the leaking drum. Then, the

recovery drum is placed upright, containing the leaking drum.

b. Stop the miaration of any spilled fluid. This can be done by

placing the berm around perimeter of the spill. A berm can be

constructed using any type of absorbent material, i.e.,

vermiculite (Speedi-Dry), sand, rags, absorbent boom or pads.

c. Solidify any free standing fluid.
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d. Safety apparel shall be worn when dealing with spills involving

PCB fluids.

COUNTERMEASURES

The countermeasure operations are the cleanup and disposal of all

contaminated material that is a result of the spill. The primary goal of

all cleanup activity is to maintain a safe environment.

a. Cleanup

1. Fluids: If the volume of fluids is great enough to where

solidification is impractical, the liquid shall be pumped

into DOT 17E drums. These drums must be properly labeled

and dated.

2. Solids: Any porous solids (soils, asphalt, wood, paper,

etc.) contaminated by the spill shall be placed into DOT 17H

(removal head) drums. These drums must be properly labeled

and dated.

3. Major Spills: In the event that the spill exceeds the

control and cleanup capabilities that are onsite, an outside

contractor, who specializes in environmental cleanup and has

all permits and licenses required, must be contacted. This

contractor must be equipped to handle various types of

spills.

Analysis. During the cleanup operations, sampling, and analysis

must be performed. The analytical data are needed to present an

accurate picture of the following:

1. The extent of the spill

2. The effectiveness of the cleanup operations
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3. The point in time when the environment has been

decontaminated.

b. Disposal. The disposal of all contaminated materials must be in

accordance with the applicable EPA regulations (40 CFR 761).

All work will be inspected by the EG&G Idaho, Inc.

representative.

Transportation of hazardous waste to the disposal site shall

conform to 40 CFR, Part 263. All Federal, state, and local

permits and labeling and approvals shall be completed before the

shipment of waste from the transformer site.
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APPENDIX E

SWITCHGEAR SPECIFICATION
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SWITCHGEAR SPECIFICATION

1.0 GENERAL

Provide and install switchgear with the transformer as referenced in the

data sheets. The switchgear shall consist of one or more enclosed

vertical sections joined together to form a rigid, free standing

assembly. The construction of the switchgear shall meet the requirements

of the NEC.

2.0 PRODUCTS

600 Volt: Switchgear shall be suitable for operatiin for 480 volt, 3

phase, 3 wire, 60 Hertz grounded service.

Vertical Sections: Vertical sections shall support the horizontal and

vertical buses, covers, and doors, and shall be designed to allow for easy

rearrangement of units. Vertical sections shall have structural

supporting members formed of a minimum of 13 gauge hot-rolled steel. All

finished surfaces shall be blemish-free. Each section shall be 90 inches

high and shall have 7 gauge steel, 3 inches high, removable lifting angle

and two 1-1/2 inches high base channels. Complete control center lineups

!'all be divided into shipping splits no wider than approximately 60

inches. A lifting angle shall be provided on the top of each shipping

split and shall extend the entire width of the shipping split. Lifting

angles shall be designed to support the entire weight of the switchgear

and shall have access points or lifting eyes to facilitate handling. Base

channels shall be provided with holes to permit bolting the switchgear to

the floor. The entire assembly shall be constructed and packaged to

withstand all stresses induced in transit and during installation.

Switchgear shall be designed so that matching vertical sections of the

same current rating and manufacture can be added later at either end of

the lineup without use of transition sections and without difficulty.

Removable end closing plates shall be provided to close off openings on
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the end of the lineup. A removable top plate shall be provided on each

vertical section and shall be of one piece construction for added

convrnience in cutting conduit holes. The design shall allow use of the

standard conduit entrance area without significant sag or deformation of

the top plate.

Vertical sections shall be designed to accommodate plug-on units in

front-of-board construction. Vertical sections housing plug-on units

shall be 15 inches deep.

Vertical sections shall be provided with both horizontal and vertical

wireways. Sufficient clearances shall be provided in the horizontal

wireway so that no restriction is encountered in running wires from the

vertical to horizontal wireway. Wireways shall be in accordance with the

wireways section contained in this document.

Horizontal Wireways: Horizontal wireways shall be provided in the top and

bottom of each vertical section and shall be arranged to provide full

length continuity throughout the entire assembly. The top horizontal

wireway shall have a cross sectional area of not less than 20 square

inches with openings between sections of not less than 11-1/2 square

inches. The bottom horizontal wireway shall exterý through the length and

depth of the 11-1/2 square inches to allow for full length continuity

throughout the entire assembly. The bottom horizontal wireway height

shall be not less than 9-1/4 inches. Covers for all wireways shall be

equipped with captive type screws to prevent loss of hardware during

installation. All wireways shall be isolated from the bus bars.

Ve-tical Wireways: A vertical wire trough shall be located on the

right-hand side of each vertical section and shall extend from the top

horizontal wireway to the bottom of the available unit mounting space.

Each vertical wire trough shall have a cross-sectional area of not less

than 19 square inches and shall be isolated from the bus bars to guarc

against acc'dental contact. A reparately hinged door having captive type

screws shall cover the vertical wire trough to provide easy access to

control wiring without disturbing the unit.
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Reusable wire ties shall be furnished in each vertical wire trough for the

purpose of grouping and securely holding wires in place for a neat and

orderly installation.

Eus Bars: A continuous main 3-conductor horizontal bus shall be provided

over the full length of the switchgear. When necessary, the bus shall be

split to allow for ease in moving and handling. Splice bars will be

supplied to join the bus whenever a split has been made. All splice

connections shall be made with at least 2 bolts. Horizontal busbars shall

be mounted edgewise and supported by insulated bus supports. Insulation

shall be used as required by NEMA standards and shall be dated at no less

than 600 VAC.

For distribution of power from the main horizontal bus to each unit

compartment, a 3-phase vertical bus shall be provided. The vertical bus

shall be firmly bolted to the horizontal bus for permanent contact.

The main horizontal and vertical buses shall be made of copper and the

entire length shall be electrolytically tin plated to provide maximum

protection to the bus bars from normal or adverse atmospheric conditions.

The main horizontal bus rating shall be a minimum 800 amperes continuous.

Vertical bus rating shall be a minimum of 300 amperes for adequate current

carrying capacity. Continuous current ratings shall be in accordance with

temperature rise specifications set forth by UL, ANSI, and NEMA standards.

A copper ground lug shall be provided in each incoming line vertical

section capable of accepting No.8 to 350 MCM cable. A horizontal (and

vertical) tin plated copper ground bus shall be provided in each section

of the switchgear. Horizontal ground bus shall run continuously

throughout the switchgear except where splits are necessary for ease of

shipment and handling in which case splice bars shall be provided. Ground

bus shall be tin plated copper. Horizontal ground bus shall be located at
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the bottom of the switchgear. Vertical ground bus shall run parallel to

the power distribution bus in each vertical section. Design shall be such

that for any plug-on unit the ground bus stab shall make contact with the

ground bus before the power bus contact is made.

Bus Bar'iers: Insulated horizontal and vertical bus barriers shall be

furnished to reduce the hazard of accidental contact with the bus.

Barriers shall have a red color to indicate proximity of energized buses.

Vertical bus barriers shall have interlocking front and back pieces to

give added protection on all sides and shall segregate the phases to

reduce the possibility of accidental "flash over." Small, separate

openings in the vertical bus barriers shall permit unit plug-on contacts

to pass through and engage the vertical bus bars. Bottom bus covers shall

be provided below the vertical bus to protect the ends of the bus from

accidental contact with fish tapes or other items entering from the bottom

of the enclosure.

Controls and Meters: All new service panels shall be equipped with the

following:

Kilowatt Meters. Type II, Class 3, Style B and shall have provisions for

pulse inititation. Kilowatt meters shall be flush switchboard type as

indicated on the drawings and shall be totally compatible to each

particular application. Kilowatt meters shall be of one manufacturer,

secondary type.

"* The meters shall have an electronic demand register. The

register shall be used to indicate maximum kilowatt demand as

well as cumulative basis. It shall have provisions to be

programmed to calculate demand on a rolling interval basis.

"* The register shall be of modular design. The electronic module,

containing all the program variables, shall be able to be easily

removed from the mechanical register for programming, maintenance

and trouble shooting.
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"* All electronic modules shall be physically identical and

interchangeable.

"* A frictionless optical assembly, mounted directly to the meter

frame, generating 12 pulses per meter disc revolution for input

to the electronic register shall be provided.

"* Each kilowatt meter shall also be complete with a 5-dial

mechanical kilowatt hour register.

"* Meters shall be 3 stator, 120 volt for use on a wire Y, 3-phase

system.

"* Meter multiplier shall be shown on the face plate and shall be

the product of the indicated current transformer and potential

transformer ratio.

" Draw out arrangement for meter removal incorporating

automatically short circuit current transformer circuits.

"• Meter covers shall be polycarbonate resin.

"* Meter detent to prevent negative registration by restricting the

backward rotation of the disk.

"* The normal billing data scroll shall be fully programmable. The

following items shall be displayed in the data scroll:

- Kilowatt hours

- Maximum demand

- Cumulative or continuously cumulative

- Number of demand resets

- Time remaining in interval

- End-of-interval indication

- New maximum demand indication
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"The register shall incorporate a built-in test mode that allows

it to be tested withcut the need for any special tools or other

accessories and saves lata and constants before start of the

test. The following quantities shall be available for display in

the test mode:

- Time remaining in demand interval

- Present interval's accumulating demand

Maximum demand

Number of impulses being received by the register

"* Pulse initiator with programmable ratio selection.

"* Battery with battery port for quick changes.

"* Meters shall be programmed after installation.

"* Meters shall be tested, c'.librated, and certified after

installation.

"* Self-monitoring to provide for stored data check sum error, ROM

and RAM checksum error, battery fault,. and unprogrammed register.

"* Liquid cr .tal display. 9 digits, blinking squares confirm

register operation. Large digits for data and smaller digits for

display identifier.

"* Display operations, programmable sequence ' th display

identifiers. Display identifiers shall be selectable for each

item. Continually sequence with time selectable for each item.

Circuit Breakers: Molded case circuiL breakers shall be furnished in

branch feeder units using circuit breakers as a disconnect means. All

circuit breakers will have a push-to-trip test feature for testing and

exercising the trip mechanism. Breakers shall be UL listed for a minimum

of 22,000 ;moeres RMS symnvrical fault withstandability.
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Main breakers (480 volt panels only) shall be equipped with auxiliary

contacts and shunt trip coils. Optional electrical operation mechanisms

shall be proposed for possible use if funding levels are adequate.

Identification: A control center identification nameplate with factory

identification numbers and characteristics shall be fastened on the

ve-tical wire trough door of every section. Each unit shall have its own

identification nameplate fastened to the unit saddle. These nameplates

shall have suitable references to factory records for efficient

communication with supplier. Each unit shall also have an engraved

nameplate fastened to the outside of the unit door for ease in

identification and for making changes when regrouping units. Main

breakers (480 panels only) shall be equipped with auxiliary monitoring

contacts and shall be equipped with short trip controls. Optional

electrical operations shall be proposed for possible use if funds are

adequate.

WirinQ: The switchgear wiring shall be NEMA Class II, Type B.

As defined by NEMA Stan.7rd ISC-2-322, Class II switchgear shall include

the necessary electrical interlocking and interwiring between units.

Type B wiring shall include terminal blocks mounted on lift out brackets

in the units.

Terminal blocks shall he quick separating pull-apart solaerless box lug

type or equal.

Finish: All metal structural and unit parts shall be completely painted

using an electrodeposition process so that the interior and exterior

surfaze.s as well as bolted joints have a complete finish coat on and

between them.
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3.0 TESTS

3.1 Following tests shall be performed and results recorded. All the

equipment tests shall be performed in accordance with IEEE, NEMA, and ANSI

Standards where such standards are definitive. All test data including but

not limited to test circuitry, faulty equipment, and remedial action will

be recorded, certified, correlated, bound, and furnished to the Owner.

a. Wiring continuity - point to point check and verification with the

wiring diagrams.

b. Wiring insulation - check to ground - megger at 600 volts.

c. Power of proper amplitude and frequency shall be applied to all AC and

DC circuitry. Three-phase potential and current of proper frequency

shall be applied to all applicable AC connections.

d. Polarity tests of all AC and DC circuitry. Three-phase power and

phase angle meter shall be used to make AC polarity test on pover

feeds and metering circuits.

e. Functional tests shall be performed on all equipment to indicate

proper operation of all protection, metering, and control equipment.

Power circuit breaker simulators shall be employed for the primary bus

to verify proper operation of all equipment.

f. The Owner may at his option provide specific relay and metering test

forms to be complied with, otherwise the Seller shall submit 2 copies

of Seller's standard test forms for review by the Engineer.

g. All "as left" test values shall be recorded and shall be within

manufacturer's tolerances. Manufacturer's tolerances shall be

indicated on the test forms.
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h. The intent of the acceptance test is to determine that the meters and

relays have not sustained damaged during shipment from the

manufacturer and that the meters and relay calibrations have not been

disturbed. If the examination or test indicates that re-adjustment is

necessary, the relay shall be repaired and/c- calibrated as per

manufacturer's instructions.

3.2 The Owner and/or 1r:•ineer may elect to visit the Seller's facilities

on completion of fabrication of the equipment to inspect the equipment and

witness testing as outlined in Section 3.1.
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TRIP REPORT
FINAL ACCEPTANCE TESTING OF

ABB 112.5 KVA AMORPHOUS CORE TRANSFORMER
FOR SAN DIEGO NORTH ISLAND NAVAL BASE

Trip Date: Jan. 15-17, 1991
Location: Jefferson City, Missouri
Attendees: J.S. Bertrand & S.A. McBride
Objective: Attend witness testing of amorphous core

transformer for the San Diego North Island Naval
Base.

FACILITY:

ABB's Jefferson City Missouri distributicn transformer
manufacturing facility is comprised of engineering,
administration, shipping & receiving, and manufacturing in a
single 600,000 square foot facility. The plant has a high degree
of modern automation, utilizing obotic welders, conveyers,
painting apparatus, presses, et. for a majority of the
manufacturing. ABB uses an exte;.sive Computer Aided Design And
Manufacturing (CADAM) system to simplify the process of producing
200 to 300 transformers per day.

Factory Testing:

The f owing transformer contracted with ABB is being
manuf. "ured by ABB in Jefferson City Missouri:

t Order Number Location SizetkVA) PWC#
1 V25E123YVY 473 112.5 CC48

The following sections will detail all testing performed on this
unit. Engineering drawings and certified test data are attached
to this report as available.

Tests:

1. Turns ratio, polarity, and phase rotation test
2. Demagnetization (exciting current)
3. Half wave & full wave impulse test
4. Applied voltage test of high voltage coils test
5. Applied voltage test of low voltage coils test
6. Induced voltage test (400Hz)
7. No-load loss test
8. Resistance, impedance, and load loss test
9. Temperature rise test
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Shop Order #804001 Style #V25El23YIY

This transformer was specified and constructed as a 112.5 kVA OA
outdoor padrounted unit. The transformer has a 2400 volt delta
primary winding and a 480/277 volt grounded wye secondary
winding. The cooling fluid is 193 gallons of RTEmp (high
molecular weight hydrocarbon). The following tests were
performed on January 16-17, 1991 on the linear test line as
illustrated in the Electrical Testing Program--Jefferson city
Booklet (PDL 46-300-TT-K Page 4-5).

TEST TATUS

Turns ratio test Failed. "ine first rat: test indicated that
8:00am the secondary windings ý.ere improperly

connected. This should have been identified
during a preliminary ratio test which
normally is performed prior to installation
of the cooling oil. The transformer was
removed from the test line and placed in the

11:00am repair area. The cooling fluid was then
drained out of the tank to a level just below
the top of the core/coil assembly. This
would allow reconnection of the secondary
windings. Extreme caution had to be used to
avoid introducing any foreign objects into
the tank d-ring repair (such as bolts, nuts,
washers, etc.). The root cause of the
connection problems was determined to be that
the wrong connection diagram was given to the
internal construction team. The designer
subsequently located the proper connection
diagram and the connections were altered to
the new configuration. The cooling fluid was

2:30pm then very slowly reintroduced into the tank.
Caution was used to min.imize the introduction
of air bubbles into the fluid. The
transformer was then taken to th vacuum
chamber where it was subjected tc, two
complete vacuum cycles to draw any air from
the transformer. The transformer was then
brouaht back to the test line.

4:30pm A second ratio test was performed and passed.
The polarity and phase rotation tests also
passed.

Demagnetization Passed. This test is performed to remove any
5:00pm residual -,agnetism in preparation for the

impulse tests. It also serves as a means to
measure the exciting current.
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Impulse test Each of the three high voltage windings was
5:15pm subjected to a half wave impulse test and a

full wave impulse test. The test engineer
tested the windings to 60 kV BIL. I reviewed
the specification and informed him that the
requirement was for 75 kV BIL. I stated that
the 60 kV BIL test was not adequate and that
they will be required to perform another test
to the required 75 kV BIL. Based on the
configuration of their test line it was not
possible to go backwards and repeat the test.
The unit would have to be reintroduced to the
lineup following completion of the other
tests. They assured that they would perform
the impulse test to 75 kV BIL. I was
contacted on January 22, 1991 and informed
that the 75 kV BIL test had passed without
incident. This plant does not have the
capability to perform impulse testing of the
low voltage windings. Therefore the 30 kV
BIL tests of the 480 volt secondary windings
were not performed.

Applied voltage Both the high and low voltage tests passed.

Induced voltage The 400 Hz induced voltage test passed.

No-load loss The no-load loss was measured to be 86 watts.
6:00pm This value was 8 watts above the quoted value

of 78 watts.

Load loss The load loss was measured to be 1529 watts.
6.15pm This value was 29 watts below the quoted

value of 1558 watts.

Resistance Passed.

Impedance The transformer impedance was measured to be
3.32%. This value is at the maximum limit of
the specified impedance and is acceptable.

Temp ature rise 54.5 degrees celsius
Jan. 17,1991 (24 hours)

The tests on this unit were all performed with exclusion of the
impulse testing on the secondary windings. During the tests
several problems were identified. These items which require
furtht attention are listed below:
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ACTION ITEMS:

1. The transformer nameplate identified the unit as a 65
degree celsius rise. It should be 55 degree celsius
rise.

2. The transformer nameplate identifies the transformer HV
BIL as 60 kV. It should be 75 kV.

3. The transformer nameplate identifies the impedance as
2.76%. It was measured to be 3.32%.

4. Drawing J801R4Q shows item #12 (Pressure relief device,
350CFM at 15 psig) located on the front of the
transformer inside the secondary compartment. This
high volume pressure relief device which is required
with the use of RTEmp fluid must be installed on the
top of the unit (due to space limitations). I asked
specifically what their intentions were and they
informed that the required high volume PRD would be
installed on one of the hand hole cover plates on top
of the unit.

5. Jim Hankins will contact us with the proposed shipping
information as soon as it is available.

6. ABB (Jim Hankins) will issue us a Certified Test Report
as soon as it is available.

CONSLUSION:

The transformer passed an acceptable series of tests. The
particular test series used by ABB is almost completely computer
controlled. This makes it very difficult for the observer to
know what is going on. Specif-c pass/fail criteria have been
loaded into the computer system based on the experience of many
thousands of successful units. Data from each of the tests are
digitized and sent to the computer for analysis, the computer
then either accepts the test results or rejects them. This
application is designed for a volume production environment in
lieu of a special/custom transformer environment. All things
considered this is a very impressive manufacturing plant.
Technology, personnel, design, and materials are for the most
part outstanding.
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ASS Power T&D Company Inc. PDL 46-300-TT-K
jr',oeg,ojnc Z,.s~r •wnTfanstorrmers

AM Ipl .INoo ,, ,
ASEA BR• °',N B'vEA:

1990 Electrical Testing
Program -
Jefferson City

General Testing Program A. TEST PARAMETERS
A unique set of parameters is used to test eachFactory tests are performed on a transformer to

confirm that it is properly designed and constructed individual transformer. This set is generated from

to carry rated load and that it will withstand the a combination of three sources:

conditions it will be exposed to in service. Factory 1 Customer Specification
tests are evidence of the reliability of a transformer. This includes all of the transformer ratings
although the ultimate proof is trouble-free service such as HV, LV. kVA. winding temperature
over its expected I,-- rise. and frequency. The customer may

The Jefferson City !sting program is based on specify special design tests such as sound.

applicable ANSI. IEEE. and IEC stanoards and can temperature rise, or RIV. He may require that
be divided into 5 broad categories: the transformer be tested according to IEC

1 Test Data standards or ANSI. If no-load loss. total loss,
A Test Parameters ,impedance, or exciting current is quoted to

the customer, then 'not to exceed values
B. Test Results based on the quote are sent to the test floor as

2 Preliminary Tests limits.
A Core Loss Test 2. Transformer Standards (IEC. ANSI. IEEE,
8 Turns Ratio Tes- etc.)o First Prehiminary Ratio Testet.
D Second Preliminary Ratio Test The standards specify the routine tests that

must be performed on every
3 Routine Tests transformer. Test voltage levels, test durations

A Ratio and pass/fail criteria are included. Examples
B Demagnetization are
C Full Wave impulse
D Applied Voltage Test of the HV Circuit 400 HZ Induced Voltage level
E Aopited Voltage Test of the LV Circuit Full-wave Impulse Voltage

F 400 HZ Incluced Test Applied Voltage of the HV Circuit

G No-Load Loss and Exciting Current Applied Voltage of the LV Circuit

H, Load Loss Resistance ano Impedance 3 Design Performance Criteria
I Pina. Continuity Check If vaiues s. ých as no-load ioss. total loss.
J Circuit Breaker Test impedance and exciting current were not

- Specia: Tests cuotec to t'le customer then values basec on

A Sound the ciesign and or ;ast oerformance of the

6 Temperature transformer style are sent to the test floor as
pass fail criteria Examples are

5 Caiioration 400 HZ Induced voltage Test Current Limit

1. Test Data Minimum and Maximum % Impeoance Limits
Test cata consists of a set of test parameters and a No-load Losses arc Exciting Current Limits

set of test re. -,i's for each indivic ual transformer HV and LV Coil Resistances
Test cata is -cc in the office mainframe computer Total Losses
Test param, ý are sent to trhe test floor and stored Load Losses
within the te .omputer system for later retrieval The Design E'gineering Department may. when the transformer arrives for testing As specify soecial design or "type' tests to verify
transformers are tested, the results are held within new desions sL n as chopped-wave impulse
the test floor computer system. then transferred to tIst. short circuit test, temperature test. sound
the mainframe or RIV.
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B TEST RESULTS D SECOND PPELIMINARY RATIO TEST
A set o' test resl!.s is recordee 'or each A seconC preliminary ratio test is performed in

transformer Some of tne values are sent cirectly tne internal assembly area prior to vacuum o'i
to tne customer when requested examples are fil, Tnis ratio test is performed in the same
no-load loss totai loss. oo •mpecance. Qc exciting manner as the first test. except that it •• made

current, anc ine formal notificatior. that the with all bushings installea to verify that internal
transformer did receive and pass all required connectiors to the bushings are made with the
tests (Certified Test Report). correct polarity

The lest results are recorded in the design
dataoase to establish actual performance 3. Routine Tests
characteristics of new designs and tO Routine tests are performed on all transformers to
dynamically update performance characteristics verity that proper manufacturing practices were
of existing designs as materials vary and foliowed in the construction of each transformer and

manufacturing processes are improved. to establish performance characteristics. The

The test results are analyzed by the Quality following are routine tests:

Assurance Department to monitor, report trends. Ratio
ana take action as required to assure that quality Demag
manufacturing practices are followed. Full Wave Impulse

Applied Voltage Test of the HV Circuit

2. Preliminary Tests Apoled Voltage Test of the LV Circuit
Induced Test

The preliminary tests a-e performed prima o No-load Loss and Exciting Current

establisn tne acceptance of core~coil assert-. ,. Four Load Loss and Impedance
preliminary tests are performed. Final Continuity Check

A CORE LOSS TEST Circuit BreaKer Test

This test is performed or eacr. core loop to A RATIO TEST
measure the core loss at the (design) induction The ratio test is given to verify that the

level Time cores are grae accordingtotetr transformers ratio, polarity and phase rotation
measured losses later combined as reouied to are correct.
meet the no-load losses guaranteed for each

complete core coil assembly Twenty volts is appled to the secondary
terminals The voltage aohlied and the induced

B TUPNS PATiC -- :S7 primary voltage are me -ed and comcared for
-,s tes* ;s cerfcrmec as an audit o' completed ratio and p-,ase reiatio- o The voltage is

coIs it .e-fies t*"at the number Of turns is a2ohe - n three seoarate connection
zorrect •n eacr windcing section -onfiC itions for tnree phase units

C :IPST7 :ELIMINARN PATIO TEST 6 DEMAG TEST
se ' e.,"• a'v ratio test is located in tn•e Tne r emac test is civer to remove any -esidual

cc'- .. cot , area prior to the core Coi0 ba~e ,"az'ne_ sm ;r precaraton for an- im.,Djs_ test
_.e- r-at Z tests are performec on a': core cOc. A:sc .t serves as a no-load exCitifn cJrre't test

asse-- ,es at tne -ated voltade connectorn a",- at
a ta- .o,:aces A small voltage iacorcimateiv Power is aýlie:d tc the by. ,o',tace wincincs The

":t r aoo'ed to the prima,\, v.win;c -. ne ,o'taoe s5 'a-ne- "o- zero to rated secondarv

.oitaoe a2o .ec a-• "ne secoicar, vobtade are \otage and ther zacK t!: zero vo:ts A

e- J :: c. a ' ,a, racc meter Tre mete' t,a sforme" .S cosice ed tc nýave nassed In~s

. *s -"e secoflca-v voltage c• !re cr;malv test ,' the excitind current does not exceed trne

.otaoe anc Iisd:a.s the ratio ;or three po.ase limit specif,ec for the cesogn of tne transformer

tra-slormers te test is cone searate , or eadr. under test

pnase
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C FULL WAVE IMOULSE TEST E APPLIED VOLTAGE TEST OF LV WINDINGS
The fuli wave impulse test attempts to simulate a ILHIC)
ligntninc ossturtance that travels some distance The LHIC test is also performec to check the
along a transmission line before it reaches the insulation design ant to verity proper
transformer At tme transformer. this wave shape construction. The LHIC test verifies the
rises from zero to crest in 1.2 microseconds and insulation between the LV circuit to the HV
decays to one-half value in 50 microseconds. The circuit and to ground (The acronym "LHIC"
peak value is specified Dy ANSI standards stands for "low to high/iron continuity".)
according to the transformer rating. The test is performed by Connecting all LV

Each HV bushing is tested by impulsing that terminals together and applying a specified
bushing while grounding one end of all windings voltage from the LV terminals to ground for one
and the tank Each HV bushing receives an minute 30 HZ while all other terminals and the
impulse shot at one-half the rated value and then tank art ounded. The voltage applied is
another shot at the full impulse value. The specified by ANSI according to the transformer
ground current waveforms are recorded for both ratings. A transformer is considered to have
shots on a winding and compared. The current successfully passed the test if no appreciable
weveshape at the reduced impulse shot is taken current flows through the transformer.
ftit to establish the characteristic waveshape for
the winding while the insulation is still F. 400 HZ INDUCED POTENTIAL TEST
considered to be sourno. It the current waveshape The 400 HZ test is performed on all transformers
of the full imoulse shot is very similar to that of to Check insulation design and verify proper. the reoucec = -ýot, the winding is considered to construction, Although this test also verifies t- e
have passec tne test. maoor insulation between the HV and LV circu:ts.

its main purpose is to check the turn-to-turn and
D APý_lED VOLTAGE TEST OF HV CIRCUIT layer-to-layer insulation within the HV and LV

(HtiC) windings Also. this test checks the insulation
The HLIC test is perlormed to check the between phases in the HV and LV circ. %.
insulation design and to verify proper
construction The HLIC test verifies the major A 400 HZ voltage ri aplithed to the vOv _ge
insulation between the HV circuit to the LV terminals for eighteen seconds. The v e canCircuit arid to around.The acronym 'LCbe from two to four times rated (determined by(rT hr othe trar'sformer ratings according to ANSI

standarcsi The transformer is considered to

Tne test is performe: bV connecting all HV have successfully completed this test if the
terminats togetme, and applying a specified current does not exceed a calculatec value.
voltqoe from t1re HV termrnals to ground for one basea on tne transformer s :esign
•- - .te at 60 !Z while all other terminals anc the
t. . are crounreed The voltage applied is
s ec*ec ýv ANSI accorcing to the transformers
ra:'-gs A t-a-sfo,'mer is consicered to nave
sjczessf.li,. 'assec me test if no appreciable
-. ý-en: fiOv. s

ehoe
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G NO LOAD LOSS AND EXC'7ING CURPENT, 7,e test. :s Le"o'mec: nv snort.ing the LV
ne no-loia. losses are ;.sses -- ar orasnrrr buLSnnc~s topetne, anc adoilving sufficient

excited at rated voltaze cu2 rot- siopiying loaC excitation to- Ie mv DuSniflOS to circulate rated
tna-, is. when only excitina current: flows tnrough current through !Me 1,n, circuit. Measurements
the energizec wincing The no-ioac loss consists are taken to, Power inout. v'-iltage applied.
of the iron loss in the core dielec-tric loss and current, andý oil temperature Winding resistances
the loss in the winoings cje to the exciting are measu'ec Then, the impedance and load
current loss are caiculateo at the rated operating
Ratec voltage is applied to the loA voltage temperature (normally 85v C).
terminals with the nich voltage terminals open I FINAL CONTINUITY CHECK
circuitec! Simultaneous reaci as are made of A continuity test is performed on Ali1
voltage applied, power input, and excitation tasomr hsts ilasr u utmr
current tasomr hsls ilasr u utmr

that the transformer fu;,'ills their specifications
The no-load loss TW (true watts) is thie value and p. event possible safety mazards due to
read by a wattmeter measuring the power input, incorrectly wired transformers.
The 0,c excitation current is the percent of rated The continuity test is performed in Final
current drawn during this test. Assembly after all HV, LV and accessory
The no-load loss AW laciparent watts, is the Markings (stencil-. decals. etc.) have been
product oý the a~ppled voltage and the exciting aclijeo to the transformer The following checks
current (also, times the square root of 3 if a three are mace
pnase transformer).

a The namnec 'ate is compared to manufacturing
H LOAD LOSS. RESIST ANCE AND IMPEDANCE information for style. serial number. kVA. HV

TES- rating. LV rating. tap voltages. impedance.
The load loss of a transformer is the loss created conductor materia~s and coil BIL ral~ng.
b~y current flow through the transformer
windlinas Current flow throuch the windings tz Th e quantity of bushings. electrical
creates the following two types of losses: accessories and fuses on the unit is vertied

to agree with the nameplate and
a l-R loss Tne I,;; loss is the real power rnanufacturinc information. The bushing

consu'lied! 0' heal, created) by load current icentification on, the unit is chiecked against
cassing tnirclun the wincing resistance the nameolate

n Stav oss he tra los istheea-ycurentc An onmrneter is 1then used to check the unit
losses cauýsed t~v lea ~ae flux T he stray loss anc verily that. tne interna! wvirino ano the

tra fie p'cet o toalcoeration o& at: devices bnreakers. switc_'hS.is generaliy less lidnfv eceto oa ull-Out fuses etc ; ac~rees with tne
losses rmzil

-ne ir~oez;ance voltace is the voltacie droc. due to C;CU7BEK;Tý',
icacc~rern: cassinc 11nroud~n the inauctance arc lU BE E ES

resisstance c' tne wincngs Tne imdn:edance is Eacn *,ans'ormer thýat nas ar .;nder-oil breaker i,,
exdressec as a ~ecraeof ratec hicrioaz e tc t.-re n'ea~er !est, stationr T~e'e each

z tI*,e orea~e, is leStec cý Circulatinc,
ent. :u.,rent to !r,c tne nrea~er witrin

-wen-,; seco-cZs 7nis *s 2- ozeratioiai test which
assures tna,. '"e nrea~er vwas co~rectly irszaied
andc is mecnanicaily and eiectrically sound
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4. Special Tests B TEMPERATURE TESTS

Special tests are performed a, the option of IF. Core losses and coil losses are tne Primary
customer or the design engineer, sources of heating within the transformer

Temperatures within the transformers are a

A SOUND TESTING function of:

Some customers specify a maximum allowable a Losses generated by the core and coil
transformer souno level The sound generated by b Core, coil and tank construction
a transformer is affected by the core geometry.
flux density, tank desiogn. and the quality of c. The transformer's external environment

assembly of all of the transformer component (primarily the surrounding air temperature)
into a completed unit. In general, our transformers are guaranteed to
Sound measurements are made on the "A" have an average coil winding temperature of no
we:ghted scale The "A" characteristic best more than 65 0C rise over ambient air
relates how a young listener (with normal temperature when operated at rated voltage and
hearing) hears the complex transformer- load conditions. (Other winding temperature
generated sound For reference, zero dB is a rises may be specified.)
sound level just barely below the minimum
detectable sound level of the "young listener". The temperature test is performed to determne
Tie noise level in a large office usually is the thermal characteristics of the transformerbetw en 0 a d 6 dB Very lou so nds suc asand to verify that these ch~aracteristics are withinbetween 50 and 60 cB Very loud sounds such as c sg i is
nearby airplanes and railroad trains may exceed design imits.
100 dB. The Compromise Method (or Short Circuit

Sound level tests require an ambient sound level Loading Method) is used to simulate rated

at least five, and preferably ten. decibels lower operating conditions The low voltage winding

than the sound level of the transformer and terminals are shorted and sufficient current is

ambient combined The tests are performed in circulatec through tne HV windings to generate a

the shipping warehouse and are scheduled loss within the transformer equivalent to the core

during off-snifts to obtain the lowest practical loss plus the load loss The transformer tap

ambient sound level (approximately 36 dB) changer is connected to its maximum loss

Sound tests are mace with the unit powered at ilowest voltage) position and total losses are

100% and 110% of rated voltage under no-load applied to tne transformer

conditions Total Loss = Iron Loss - Load Loss

Sound measurements are made at three-foot Tne purpose of this initia! !oaonc is tc es'anlisn
intervals on a stretched string contour around the maximur" oil rise temperature of tne
tne tank at half the tank height The points begin transformer Trnermocouples are usec tc rnon~tor
at the drain valve and proceed clockwise arounc tne too anC bottorn Oi; temDerat,-'res anc tne
:-.e tank The sound instrument nozzle is pointed armnent air temoeratures The !ransformer 5s
r ,rizon:ally at the string with the enc of the operatec a* this icacino unt,, the increase in tne
i's:rumen: one foot from tne string oil temperature over amroenr coes nt O-awce

T7,e measurement values are averaged to oOtain more !nan ' C in :nree nou~s

a- ave'ace A* weigntec' sound level
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Page e

After a three-hour period of stable oil Avg. Oil Rise= (Top Oil Cutback - Bottom

temperature. the loading Is cu: back to rated Oil a Cutback) - 2

current and continued for one hour The Coil Diff. = Winding Rise - Top Oil Rise

transformer is then disconnected from the power

source Immediately. resistance measurements Top Oil Rise = Top Oil @ Cutback - Amb. @
are taken as the transformer cools. The initial Cutback

resistance readings on each winding are taken Gradient = Winding Rise - Avg. Oil Rise

within four minutes after the transformer is de-

energized. Three additional readings are taken. Winding Rise = Wind. Temp - Ambient @

up to a maximum time of ten minutes after the Cutback - (Top Oil @ Cutback

transformer was de-energized. - Top Oil @ Shutdown)

The resistance of a winding prior to de- 5. Calibration
energizing the transformer can be found by

plotting the resistance readings versus time and The test equipment is periodically calibrated to

extrapolating the curve back tO zero time. assure that the tests are valid and accurate.

Knowing the resistance, the winding temperature More detailed information about the calibration

at the instant of shutdown can be calculated. program is in the Electrical Calibration Procedure.
Following are useful performance data obtained QAP302.
from the temperature test:

A8S Power TAD Company Incm
Un,.erground DistriOwtiOr. Transtormers
Jeffe'son Cty, MO 65101 B- 14 January, 1990
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TRIP REPORT
F:NAL ACCEPTANCE TESTING OF

NATIONAL INDUSTRI CAST COIL TRANSFORMERS
FOR SAN DIEGO NORTH ISLAND NAVAL BASE

Trip Date: Oct. 8-11, 1990
Location: Hampton VA
Objective: Attend witness testing of cast coil transformers

for the San Diego North Island Naval Base.

Factory Testing:

The following eight transformers contracted with ABB are being
manufactured by ABB/National Industri Transformer Inc. in Hampton,
VA:

SShop Order Location Size (kVA ) PWC #

1 2897 94 750/1000 CC69
2 2898 94 300 CC70
3 2899 378-1 750/1000 CC27A
4 2900 378-1 500 CC27B
5 2901 472 1500 CC45
6 2902 489 1500 CC49
7* 2903 342 112.5 CC16
8 2904 378-6 500 CC26

Shop order # 2903 had not been constructed at the time of this
trip. It is scheduled to be completed in late November.

The following sections will detail all testing performed on each of
the transformers. The certified testing reports issued by National
Industri are included in the appendix of this trip report should
you need further information.

Tests:

1. Coil resistance test
2. Turns ratio test
3. Polarity & phase rotation
4. No-loaa loss
5. Impedance & load loss
6. Temperature rise test
7. Impulse (BIL) test
8. Applied potential test
9. Induced potential test
10. Partial discharge test
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Shop Order #2897:

This transformer is a 750/1000 kVA AA/FA outdoor unit substation
complete with a 15kV fused primary switch and secondary switchgear.
The transformer has a 2400V/12000V reconrectable primary winding
and a 480/277V secondary winding. Ea.h primary winding is
constructed using five sections. Them? five sections are connected
in series for the 12000V configuration and in parallel for the
2400V configuration. Vertical busses mounted external to the coils
are used to make the series/parallel connections. High voltage
taps are provided on the primary 12000V configuration only. The
primary switch was built in as part of the unit. The secondary
switchgear was not present. It is assumed that ABB will be
supplying this switchgear themselves. Note that the transformers
are painted a non-standard color and that the secondary switchgear
will need to be painted to match. The tests performed on this unit
and the results were as follows:

TEST STATUS

Coil Resistance See test sheet.

Turns Ratio Test See test sheet.

Pol. & Ph. Rotat. Tests okay.

No-load Loss Measured no-lcad losses = 2491 watts. This is
substant:ally less than the guaranteed maximum
of 2800 watts.

Load Loss Measured load losses = 5728 watts. This is
slightly over the guaranteed maximum of 5700
watts, however, it is within the +/- 5%
tolerance required in the RFP.

Impedance Measured to be 5.21%--this value is within
toleranze of 5% (-/- 10% dual voltage only).

Temperature Rise AA measured (celsius) Max 73.1
FA measured (celsius) Max 68.3
These % lues are within the required 80 degree
C maxinrm. Note that the transformer failed
the first FA heat run test, however, passed
the second attempt.

Impulse Test All impulse tests passed. However, problers
were encountered on the H3 coil. The second
chopped wave test on H3 failed. Several
modifications to the test connections were
performed of which none solved the pr 'em.
Finally it was determined that the cle nce
between the fan blade and the primary co:_ was
not sufficient. For 95kV BIL, a minimum of
5.5 inches is needed. The fan blade was
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approximately 2.5 inches from the primary
coil. The fan appeared not to be damaged by
-'e failures. See narrative for further

d-scussion.

Applied Potential Passed, no problems detected

Induced Potential Passed, no problems detected

Partial Discharge The partial discharge tests were performed
using new equipment in the "Corona Room". The
levels of detected partial discharges were
recorded for both 110% and 150% of rated
primary voltage at both the top and bottom of
each high voltage coil. The levels monitored
contain a substantial amount of background
noise and therefore and not completely
indicative of the actual level of partial
discharge in the coil. The transformer was
determined to pass the test in lieu of the
misleading results obtained.

The transformer successfully passed all tests, however, several
problems were experienced during the process. The load loss was
measured to be 28 watts over the guaranteed maximum of 5700.
However, the no-load loss was measured substantially under the
guaranteed maximum. The end result is a lower total loss over what
was guaranteed. This transformer required four heat runs, AA
(ambient air) 2400V, FA (forced air) 2400V, AA 12000V, and FA
12000V. Both of the AA heat runs passed without incident, however,
the FA heat runs failed. The transformer had been designed and
constructed with 6 cooling fans. Prior to temperature testing, the
design engineer had determined that this design would not be
sufficient and that 12 fans would be required to maintain adequate
cooling. The design engineer then issued an "Engineering Change
Notice ECN" to change the design. This ECN was not executed prior
to testing the transformer. The transformer was then modified to
incorporate the 12 fan desinn. The FA heat tests were rerun and
passed successfully. This :odification caused another problem.
When the additional 6 fans were installed the clearance between the
fan blades and the high voltage bus was reduced from 6 inches to
2.5 inches. This spacing proved inadequate as the 95kV impulse
tests failed. It turned out that another ECN had been drafted and
not implemented. The design engineer had proposed a bussing
modification which would allow adequate spacing of 5.5 inches. We
performed the bussing modifications in the impulse bay and were
able to pass all impulse teats without further incident. The final
problem encountered while testing this unit was during the partial
discharge testing. The "corona room" is used to perform partial
discharge testing. The large transformers however will not fit in
their corona room, thus, accurate isolated testing is not possible.
The result is a substantial amount of noise overlayed on the
partial discharge display (lissajous figure). No prc-lems with the
transformer were detected during this testing, however, they are in
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the process of upgrading their test equipment so that more accurate
testing can be performed.

Shop Order #2898

This transformer is a 300kVA indoor padmount unit with a 480V delta
primary winding and a 208/120V grounded wye secondary. The
following tests were performed on this unit.

TEST STATUS

Coil Resistance See test sheet.

Turns Ratio Test See test sheet.

Pol. & Ph. Rot. Tests okay.

No-load Loss The measured no-load loss = 1318 watts. This
is under the guaranteed maximum of 1400 watts.

Load Loss The measured load loss = 3200 watts. This is
over the guaranteed maximum of 3100 watts.

Impedance The impedance was measured to be 3.16%. This
is within tolerance.

Temperature Rise AA measured (celsius) maximum 49.3

Impulse Test All tests passed at 30kV.

Applied Potential Passed, no problems detected

Induced Potential Passed, no problems detected

Partial Discharge This transformer had to be partial discharge
tested in the transformer test bay #1. No
problems were detected.

Overall, all tests passed and no problems were identified. The
clearances in the unit are very tight, however, the unit passed all
30kV impulse tests so the spacing proved to be adequate.

Shop Order #2899

This transformer is a 750/10OOkVA AA/FA indoor unit substation
complete with a new 15kV fused primary switch and new secondary
switchgear. The transformer has a 12kV delta connected primary and
a 480/277V grounded wye secondary.

No tests were witnessed on this unit. I have reviewed the
certified test report for this unit and no problems were
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identified. The losses, impedance, temperature rise, and
configuration is within specification. Refer to the appendix for
further information.

Shop Order #2900

This transformer is a 500kVA AA indoor padmount. It has a 480V
delta connected primary and a 208/120V grounded wye connected
secondary. The transformer has a very high primary current and
such no primary voltage taps are required. The primary winding is
wound as two sections connected in parallel to supply the high
current required. The tests performed on this unit were as
follows:

TEST STATUS

Coil Resistance See test sheet.

Turns Ratio Test See test sheet.

Pol. & Ph. Rot. Tests okay.

No-Load Loss The measured no-load loss = 1483 watts. This
is less than the guaranteed maximum of 1600
watts.

Load Loss The measured load loss = 6204 watts. This is
greater than the guaranteed maximum of 5900
watts. This value is 9 watts over the +/- 5%
tolerance level.

Impedance The measured impedance = 6.22%. This value is

slightly over the toleranre value.

Temperature Rise AA measured (celsius) maximum = 54.5

Impulse Test All tests passed at 30kV.

Applied Potential Passed, no problems detected.

Induced Potential Passed, no problems detected.

Partial Discharge This transformer had to be partial discharge
cested in transformer test bay #1. No
problems were detected.

All factory tests passed. Note that a stripped out insulator on
the primary bus was detected and replaced. During the impulse
testing intermittent problems were encountered while testing the H3
terminal. Nothing was found out of order with the transformer.
The -st gear was reset then the tests were rerun and each test
pass- . withc.t incident. The problem was thus assured to be in the
test -quipment.
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Shop Order #2901

This transformer is a 1500kVA outdoor retrofit padmount unit. It
has a 12000V delta primary and a 480/277V secondary. The following
tests were performed on this unit:

TEST STATUS

Coil Resistance See test sheet.

Turns Ratio Test See test sheet.

Pol. & Ph. Rot. Tests okay.

No-Load Loss The measured no-load loss = 3689 watts. This
is below the guaranteed maximum of 3900 watts.

Load loss The measured load loss = 9441 watts. this is
below the guaranteed maximum of 9600 watts.

Impedance The measured impedance = 5.6%. This is within
tolerance.

Temperature Rise AA temperature (celsius) maximum = 67.4

Impulse Test Passed, no problems detected.

Applied Potential Passed, no problems detected.

Induced Potential Passed, no problems detected.

Partial Discharge This transformer had an uncharacteristically
good response under the partial discharge
test. No problems were detected.

All tests on this unit went well. No problems were identified.

Shop Order #2902

This transformer is a 1500kVA outdoor retrofit padmount unit. It
has a 12000V delta connected primary and a 480/277V grounded wye
secondary. It will be installed to replace a temporary 3750kVA
unit substation The existing primary switch will be re-installed.
The following tests were performed on this unit:

TEST STATUS

Coil Resistance See test sheet.

Turns Ratio Test See test sheet.

Pos. & Ph. Rot. Tests okay.
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No-Load Loss The measured no-load loss = 3759 watts. This
value if below the guaranteed maximum of 3900
watts.

Load loss The measured load loss = 9429 watts. This
value is below the guaranteed maximum of 9600
watts.

Impedance The measured impedance = 5.77%. Within

tolerance.

Temperature Rise Not received yet.

Impulse Test Passed, no problems detected.

Applied Potential Passed, no problems detected.

Induced Potential Passed, no problems detected.

Partial Discharge Passed.

The tests were all performed, however, the certified test report
has not been received. The report was inadvertently not placed in
the transmittal package. The test results presented for this unit
were taken directly from my field notes. The temperature rise
information is not available as I did not witness the overnight
temperature rise tests. The data will be reviewed when the
certified test report is received. Two of the high voltage bus
sections have very sharp edges. These edges cause very high stress
regions on the bus bars. I recommended that they grind the edges
smooth to eliminate this problem. They agreed that it could cause
a problem and stated that they would eliminate the sharp edges.
Several problems were observed while performing the partial
discharge tests. A majority of the problems were corrected by
removi.ig the buswork and adjusting the test apparatus connections
to the coils. It was determined that no problems exif:ed in the
transformer coils. Removal of the sharp edges should eliminate a
majority of the remaining problems.

Shop Order #2903

This unit has not been built. It is scheduled for construction by
late November. No tests were performed on this unit.

Shop Order #2904

This transformer is a 500kVA outdoor padmount unit. It has a
12000V delta primary and a 4. _/277V secondary. The following tests
were performed on this unit-

B-25



TEST STATUS

Coil Resistance See test sheet.

Turns Ratio Test See test sheet.

Pol. & Ph. Rot. Tests okay.

No-Load Loss The measLared no-load loss = 2244 watts. This
is under the guaranteed maximum of 2400 watts.

Load Loss The measured load loss = 4499 watts. This is
under the guaranteed maximum of 4700 watts.

Impedance The measured impedance = 5.57%. This is

within tolerance.

Temperature Rise Not received yet.

Impulse Test All tests passed.

Applied Potential Passed, no problems detected.

Induced Potential Passed, no problems detected.

Partial Discharge Passed.

The tests were all performed, however, the certified test report
has not been received. The report will be sent with the one for
unit #2902. The data will be reviewed when the report is received.
Note that this unit did not have future forced air fan mounting
brackets. These brackets should be added prior to shipping from
National Industri. They informed me that the brackets would be
added. We will want to follow up in the field and verify that they
did get installed.

CONCLUSION:

The tests went well in spite of several challenges. Transformers
#2897 through 2904 except #2903 are ready for installation. Unit
#2903 will be completed in late november.

B-26



ENATIONAL INDUSTRI
252' Setri Streel Teiephone Tee Teeleax

Hamr on Virginia 23661 (8041 838-8080 82-3646 (804) 838-8905

TRANSMITTAL LETTER

FOR

CERTIFIED TEST REPORT

RE: ABB SERVICE CO. DATE: rW7rE It
2382 E. ARTESIA BLVD.
LONG BEACH, CA 90805 SHOP ORDER NO: 28970

ATTENTION: ROGER RATICAN

JOB NAME: TBA

CUSTOMER: ABB SERVICE CO P.O.NO: LS-01446-C

We are transmitting herewith four (4) copies of the Certified Test
Report for your records.

If you have any questions, please do not hesitate to contact me.

Sincerely,

Plattyori
Admin. Assist. Mkt.

j1 11 lipi
EB CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP
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EBA NATIONAL INDUSTRI

CERT:FIED TEST REPORT

SHOP ORDER 02897-1 STYLE NO. 840750B057 TEST DATE 10-09-90

NOMINAL VOLTAGE: 12000 Delta / 480 Grd-Wye Three Phase 60 Hertz
KVA: 750/1000 CLASS: AA/FA AVG WDG RISE: 75 DEG C.
INSULATION RATED AT 185 DEGREE C BIL (kv): HV- 95 LV- 30

CUSTOMER: ABB SERVICE CO. PO# LS-01446-C
LONG BEACH, CA. 90805

* • • • • * * *

•KVA * NO LOAD * TAP * LOAD * * TOTAL SERIES *
* * LOSSES * % lex * * LOSSES * % Z * RESISTANCE @ 95 C *
* * 24 C * 24 C * * 95 C * 95 C * PRIMARY SECONDARY *
* • (watts) * * (volts) * (watts) * * (ohms) (ohms) *

* * * * * • * * *

* 750 * 2491 • 0.906 * 12000 * 5728 * 5.21 * 7.02239 * 0.002762 *

*** ** ******** ***** ** *** ***** *** ********************** *******************

* APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO *
* HV LV * 400 Hz, 18 SEC. * *
* (kv) (kv) * (volts) * *

• 34 4 * 960 * A/B 43.405 *
• * * C/A 43.391 *
* * * B/C 43.392 *

ANSI STANDARD IMPULSE TEST PERFORMED AT 95 KV BIL.

AA MEASURED TEMPERATURE RISE (C): HV - 73.1 LV - 60.8

FA MEASURED TEMPERATURE RISE (C): HV - 68.3 LV - 51.1

IMPEDANCE AND LOAD LOSSES AT TAPS:
(1-2) = 5.10% AND 5445 WATTS, (5-6) = 5.28% AND 5787 WATTS.
PARTIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PERFORMED AT 2.5 KV:
H-G = .747, L-G = .350 AND H-L = .436

CERTIFICATION:

TEST TECHFNICIAN ENGINEER L ,
/

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

111111 |B-28
P% iI NIP.St. R.D..,•, EC C:)PORAT1ON -A VEVBE;; OF: TH=E ASE A BROWN BOVER, GROUP



EBA NATIOAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02897-1
STYLE NO. 640750B057
KVA 750
TEST DATE OCTOBER 9, 1990

* TOP * % VOLTAGE * COIL 1 * COIL 2 * COIL 3

*INCEPTION * 150 * 40 Pc * 20 Pc * 20 Pc

*EXTINCTION ' 110 * 5 Pc * 10 Pc 10 PC

* BOTTOM * % VOLTAGE * COIL 1 ' COIL 2 * COIL 3

*INCEPTION * 150 1 10 Pc ' 20 PC * 50 Pc
* ****.************ ** ******** *w**,**************************•ii•••••****

'EXTINCTION • 110 ' 3 Pc * 10 Pc * 15 Pc

AL it 8-29
fIli AIP
.S(. 8.0. o.(-,o, Ee COPPOATiO% A MEMBER OF THE ASEA BROWN B•'.ER; GROUP
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EBA NATIONAL INDUSTRI
252C 58r' Sreet* T0ee in.eex , eoeax
MamrtOr, Virginia 23661 (804) 838-8080 82-3646 (804) 838-8905

TRANSMITTAL LETTER

FOR

CERTIFIED TEST REPORT

RE: ABB SERVICE CO. DATE: '*CT16 a
'382 E. ARTESIA 3LVD.
LONG BEACH, CA 90805 SHOP ORDER NO: 28980

ATTENTION: ROGER RATICAN

JOB NAME: TBA

CUSTOMER: ABB SERVICE CO P.O.NO: LS-0 6-C

We are transmitting herewith four (4) copies of the Certified Test
Report for your records.

If you have any questions, please do not hesitate to contact me.

Sincere

Patty Dorris
Admin. Assist. Mkt.

A ICIO P--38
EB CORPORATION -A MEMBER OF THE ASEA BROWN BOVERI GROUP



E-BAL NATIOAL INDUSTRI

* CERTIFIED TEST REPORT '

SHOP ORDER 02898-1 STYLE NO. 810300B001 TEST DATE 10-08-90

NOMINAL VOLTAGE: 480 Delta / 208 Grd-Wye Three Phase 60 Hertz
Kr'A: 300 CLASS: AA AVG WDG RISE: 65 DEG C.
INSULATION RATED AT 185 DEGREE C BIL (kv): HV- 30 LV- 3C

CUSTOMER: ABB SERVICE CO. PO# LS-01446-C
LONG BEACH, CA 90805

* * * * * * *

* KVA * NO LOAD * * TAP * LOAD * * TOTAL SERIES
* * LOSSES * % lex * * LOSSES * % Z * RESISTANCE @ 85 C
* * 28 C * 28 C * * 85 C * 85 C * PRIMARY SECONDARY
* * (watts) * * (volts) * (watts) * * (ohms) (ohms)
*********** ** *************************************************************t

* 300 * 1318 * 1.692 * 480 * 3200 * 3.16 * 0.03365 * 0.001662
* * * * * * * *

* APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO
* HV LV * 400 Hz, 18 SEC. *
* (kv) (kv) * (v-ts) *

* 12 4 * 416 * A/B 3.994
* * * C/A 3.993
* * * B/C 3.992

ANSI STANDARD IMPULSE TEST PERFORMED AT 30 KV BIL.

AA MEASURED TEMPERATURE RISE (C): HV - 49.3 LV - 48.9

IMPEDANCE AND LOAD LOSSES AT TAPS:
(1-2) = 3.05% AND 2720 WATTS, (5-6) = 3.18% AND 3282 WATTS.
PARTIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PERFORMED AT 2.5 KV:
H-G = .379, L-G = .539 AND H-L = .292

CER7:FICATION:

TEST TECHNICIAN ENGINEER Li ,:c

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

AL II �I 6-29
r,,EE CORPOR4TtON - A MEMBE.R OF THE ASEA 5RO.VN BOVER. GROJP



ERA. NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02898-1
STYLE NO. 810300B001
KVA 300
TEST DATE OCTOBER 8, 1990

* TOP * % VOLTAGE * COIL 1 * COIL 2 * COIL3 *

* ft * * * *

*INCEPTION * 150 * 32 PC * 35 PC * 32 PC *

* BOTTOM * % VOLTAGE * COIL 1 * COIL 2 * COIL 3 *

:INCEPTION * 150 * 35 PC * 35 PC * 31 PC *

.st.9-D-5,o.,. EE CORPORATION - A MEMBER OF THE ASEA BROWN BOVER GROJP
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EBAL NATIONAL INDUSTRI
2520 58m Stret TeleDrone Telex Teletax
iHamp1ton Virginia 23661 (804) 838-8080 82-3646 (804) 838-8905

TRANSMITTAL LETTER

FOR

CERTIFIED TEST REPORT

RE: ABE SEPV:ZE CO. DATE: OCT j6 19.O
Z382 E. ARIESIA BLVD.
LONG BEACH, CA 90805 SHOP ORDER NO: 028c-40

ATTENT.1N: ROGER RAT:CAN

J1B NAME: TBA

CULSTOMER: ABB SERVICE CO. P.O.NO: LS-01446-C

Le a-e t-ansmitting herewiith four (4) copies of the Certifiea Test
Report for your records.

.f you nave any questions, please do not hesitate to contact me.

S i ncer,l y,

Customer Service Supervisor

A.. EB CORPORATION - A MEMBER T-45
EB ORPRATON- AMEMEROF THE ASEA BROWN BOVERI GROUP



EBA NATIOAL INDUSTRI

CERTIFIED TEST REPORT

SHOP ORDER 02899-1 STYLE NO. 840750B056 TEST DATE 10-15-90

NOMINAL VOLTAGE: 12000 Delta / 480 Grd-Wye Three Phase 60 Hertz
KVA: 750/1000 CLASS: AA/FA AVG WDG RISE: 75 DEG.C
INSULATION RATED AT 185 DEGREE C BIL (kv): HV- 95 LV- 30

CUSTOMER: ABB SERVICE CO. PO# LS-01446-C
LONG BEACH, CA 90805

* * * * * * * *

* KVA * NO LOAD* * TAP * LOAD * *TOTAL SERIES *
* * LOSSES * % Iex * * LOSSES * % Z * RESISTANCE @ 95 C *
* * 22 C * 22 C * * 95 C * 95 C * PRIMARY SECONDARY *
* * (watts) * * (volts) * (watts) * * (ohms) (ohms) *

* * * * * * * * *

* 750 * 2022 * 0.647 * 12000 * 5159 * 5.41 * 6.02399 * 0.002718 *
* * * * * * * * *

* APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO *
* HV LV * 400 Hz, 18 SEC. * *

(kv) (kv) * (volts) * *

S 34 4 * 960 * A/B 43.271 *
* * * C/A 43.259 *
* * * B/C 43.260 *

kNSI STANDARD IMPULSE TEST PERFORMED AT 95 KV BIL.

kA MEASLRED TEMPERATURE RISE (C): HV - 63.6 LV - 63.2

FA MEASURED TEMPERATURE RISE (C): HV - 56.9 LV - 50.2

rMPEDANCE AND LOAD LOSSES AT TAPS:
(1-2) = 5.33% AND 5020 WATTS, (5-6) = 5.52% AND 5340 WATTS.
PARTIAL DISCHARGE TFST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST FPi.FORMED AT 2.5 KV:
i-G = .805, L-G .495 AND H-L = .182

:E R T I F IC A T IO N : ;!E R

rEST TECHNICIAN -h / - ENGINEER _____"______- __

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

ji g ! B-46

,E CORPOPATiON - A MEMBER OF THE ASEA BROWN B&vERi GROUP



EBA NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER C2899-1
STYLE NO. 840750B056
ý7'A 750
TEST DATE OCTOBER 15, 1990

* **************************************************************************

* TOP * %VOLTAGE * COILl * COIL 2 * COIL3 *

* * * * * *

*INCEPTION * 150 * 5 Pc * 3 Pc * 5 PC *
***,************************************************************************

* * * * * *

*EXTT:TTION* 110 * 0 pc * 0 PC * 0 Pc *

* *********** ************************** *************************************

* BOTTOM * % VOLTAGE * COIL I * COIL 2 * COIL 3 *
* ********************** ****************************************************

* * * * * *

*INCEPTION * 150 * pc * 3 pc * 3 pc *
* *** ***********************************************************************
* * * * * *

"EXTINCTION * 110 * pc * 3 pc * 3 pc *

AL It II B-47

.sf.,.o.480ýI. EB CORPORATION - A MEMBER OF THE ASEA BROWN BOVERi GROUP
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EBA- NATIONAL INDUSTRI
2520 58m Street TeSeDhome Tegw Telefax
Hampton virginia 23661 (804ý 838-8080 82-3646 (804) 838-8905

TRANSM 7TTAL LETTER

FOR

CERTIFIED TEST REPORT

RE: ASS SERVICE CO. DATE: VT17 1990
Z32 E. ARTESIA LVD.

LONG EEACZ-, CA 90805 SHOP ORDER NO: 02900,'J

ATTENT:,N: P:3G.R RAT:CAN

,J36 NAME: 75A

CL`'TO71E,: ASS SERVIE CO. P.O.NO: LS-0144b-C

,e are t-ansm;t.timg herewi h four (4) copies of the Certified Test
Repor-t "or yzur recorcs.

9 you nave any questions, please co not hesitate to contac. me.

Sincerely,

Li~y Smth

Customer Service Sucervisor

of ip IIB-52

EB CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP



E6-0 NATIO%.%L I%DUSTRI

CERT:FIED TEST REPORT

SHOP CRER 02900-1 STYLE NO. 810500B001 TEST DATE 10-10-90

NOM:NAL VOLTAGE: 480 Delta / 208 Grd-Wye Three Phase 60 Hertz
rKVA: 500/667 CLASS: AA/FFA AVG WDG RISE: 75 DEG C.
:NSULATION RATED AT 185 DEGREE C BIL (kv): HV- 30 LV- 30

CUSTOMER: ABB SERVICE CO. PO# LS-01446-C
LONGBEACH, CA 90805

* * * * * * *

• K'A * NO LOAD * * TAP * LOAD * * TOTAL SERIES
• * LOSSES * % lex * * LOSSES * % Z * RESISTANCE @ 95 C
• * 25 C * 25 C * * 95 C * 95 C * PRIMARY SECONDARY
* * (watts) * * (volts) (watts) * * (ohms) (ohms)

* * * * * * * *

* 500 * 1483 * 0.953 * 480 * 6204 * 6.22 * 0.02384 * 0.001183
* * * * • * * •

• APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO
* HV LV * 400 Hz, 18 SEC. *
• (kv) (kv) * (volts) *

* 12 4 * 416 * A/B 3.994
• * * C/A 3.991

• * * B/C 3.991

ANSI STANDARD IMPULSE TEST PERFORMED AT 30 KV BIL.

AA MEASURED TEMPERATURE RISE (C) : HV - 53.1 LV - 54.5

FARTIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PERFORMED AT 2.5 Ky:
H-L = .296, H-G = .605 & L-G = .338
IMPEDANCE AND LOAD LOSSES AT TAPS:
(1-2) = 6.11% AND 6442 WATTS, (5-6) - 6.32% AND 6122 WATTS

CERT:F: CAT: ON:

TEST TECHNI'CIA-N- ,,- EN;GINEER (s

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

IL 131 P E-53
za ODP3• RATION -A MEBEP OF THE : ASA v "



EB• INATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02900-1
STYLE NO. 810500B001
KVA 500
TEST DATE OCTOBER 10, 1990

* TOP * %VOLTAGE * COIL 1 * COIL 2 * COIL 3 '

"INCEPTION * 150 * 30 pc t 35 pc * 30 pc

************** ** *****************************t**************************** ,

'BOTTOM * %VOLTAGE * COIL1 * COIL 2 * COIL3 *

******************************************************************* ********:INCEPTION * 10 32 pc * 35 pc * 32 pc *

IL liii6-54
".t 'P EP E S B,s,, e• ,,, ,, i,,:, B CORQORATION - A MEMBER OF THE_ ASEA BR2',',N BOVER• GPOJ0



eiez 8:.3646 2 'ex 8.-" L6 _:

TRANSFORMER IMPULSE TEST REPORT

~~~~~ Om No. 2ow Pat.V6 /c'~o-I

m__4.___'VA X WY.. ýe ývA Y tWI - V

-<Vo 7'f /A V__________n

3n3

Ss~ ~/0

I 4-v I/ I.oz~ ___ e/ ~:

__________________________________ _________________________________ I _______________________________ _________________________________ ______________________________________________2__

______________________________________________________________ ___________________ __________________I___________________ ___________________________

__________ _________ ________ _________ /..

I I I~~iiV I .3'~c, _ _ IF"r

_ _ _ _ _ _ _ _ _ 12__ _ _ _ _ C7 I - .

Tom_ __ I•-cso ov .14 f 3 t__ _

-IV__ _ __ _ ___"s____________n_=y_____ i M ~ mm wMUS S~ ar T 9 Cc

CLIVT ~ ~ (b-V ftI Jc4 Aeww Irmme I ,71, or Iam-vtmvrct m o@i alr
a* Wc laa B-55 I_ _ Iz 4 I

I 1 ~ I?~: ~ . ______I P 41
_ _ _ _can__ _ _ _ _ _yyW NJ .t



-U.-

-9 M

a - -- * *-

4;V.1"all



-ji

eo



I I I I I I I I I I I I I I ýFjrký

7ý-



EBA_ NATIONAL INDUSTRI
252C 58m, Street Te'enonoe Teex Teelax

-iamptom Vrgonia 23661 (604" 838-8080 82-3646 180DJ 838-8905
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Customer Service Supervi:Sr

At It 11 B-59
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E', N %ATIOAL IDLSTRI

CERTIFIED TEST REPORT

;HOP ORDER 02901-1 STYLE NO. 641500B109 TEST DATE 10-06-90

IOM:NAL VOLTAGE: 12000 Delta / 480 Grd-Wye Three Phase 60 Hertz
7VA: 1500/2000 CLASS: AA/FFA AVG WDG RISE: 75 DEG C.
:NSULATION RATED AT 165 DEGREE C BIL (kv): HV- 95 LV- 30

'USTOMER: ABB SERVICE CO. PO# LS-01446-C
LONG BEACH, CA 90805

S* * * * * * *

KVA * NO LOAD * * TAP * LOAD * * TOTAL SERIES *
* LOSSES * % Iex * * LOSSES * % z * RESISTANCE @ 95C *
* 23 C * 23 C * * 95 C * 95 C * PRIMARY SECONDARY *
• (watts) * * (volts) * (watts) * * (ohms) (ohms) *

* * * * * * * *

150C * 3689 * 0.647 * 12000 * 9441 * 5.60 * 2.43206 * 0.001307 *

* * *

"b APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO *

H-\ LV * 400 Hz, 18 SEC. *
(kv) (kv) * (volts) * *

k********* *******************************************************************
* * *

• 34 4 * 960 * A/B 43.285 *
* * * C/A 43.255 *
• * * B/C 43.265 *

%NSI S:ANDARD IMPULSE TEST PERFORMED AT 95 XV BIL.

%A MEASLRED TEMPERATURE RISE (C): HV - 67.4 LV - 64.8

IMPEDANCE AND LOAD LOSSES AT TAPS:
(1-2) = 5.51% AND 9129 WATTS, (5-6) = 5.77% AND 9794 WATTS.
PARTIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PERFORMED AT 2.5 KV:
i-G = .224, L-G = .501 AND H-L .196
:ERT:FICATION: // j, •4

7EST TECHNICIAN ~ --- '---=ENGINEER

NATIONAL INDUSTRI TRANSFORMERS, INC.
H-kMPTON, VA. 23661

IL 66E



ERA NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02901-1
STYLE NO. 841500B109
KVA 1500
TEST DATE OCTOBER 8, 1990

********** * ** **** *******************************

* TOP * %VOLTAGE * COILi * COIL 2 * COIL 3

*INCEPTION * 150 * 30 PC * 5 Pc * 20 PC
********** ** ********* *****************************************************,
* * * * *

*EXTINCTION * 110 * 0pc * 0pc * Opc

* BOTTOM * % VOLTAGE * COIL 1 * COIL 2 * COIL 3

*INCEPTION * 150 * 30 Pc * 3 Pc * 25 Pc
***** *****************************************t****************************

*EXTINCTION * 110 * 0pc * 0pc * Opc

L UP !! B-61
, "- E= CORPORATION A MEMBER OF THE ASEA BROWN 82OER, GROUP
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EBA NATIoNAL INDUSTRI
2520 58t1n S t,' T01 O4[ Towre¶ Teietax

almpton virginli 23661 (804) 838-8080 82-3646 r804) 838-8905

TRANSMITTAL LETTER

FOR

CERTIFIED TEST REPORT

RE: ABB SERVICE CO. DATE: Tl9so
2382 E. ARTESIA BLVD.
LONG BEACH, CA 90805 SHOP ORDER NO: 29020

ATTENTION: ROGER RATICAN

JOB NAME: TBA

CUSTOMER: ABB SERVICE CO P.O.NO: LS-01446-C

We are transmitting herewith four (4) copies of the Certified Test
Report for your records.

If you have any questions, please do not hesitate to contact me.

Sincere

tty orris"
Admin. Assist. Mkt.

Al 'lop B-66

. .. EB COR- eATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP



A •E - ,ATIO%AL INDUSTRI

CERTIFIED TEST REPORT

SHOP ORDER 02902-1 STYLE NO. 841500B110 TEST DATE 10-09-90

NOMINAL VOLTAGE: 12000 Delta / 480 Grd-Wye Three Phase 60 Her
lrv'A: !500/2000 CLASS: AA/FFA AVG WDG RISE: 75 DEG C.
INSULATION RATED AT 185 DEGREE C BIL (kv): HV- 95 LV-

CUSTOMER: ABB SERVICE CO. Pot LS-01446-C
LONG BEACH, CA 90805

* KVA * NO LOAD * * TAP * LOAD * * TOTAL SERIES
* 'LOSSES * % lex * LOSSES * % Z * RESISTANCE @ 95 C
* * 29 C * 29 C * * 95 C * 95 C * PRIMARY SECONDAR
* * (watts) * * (volts) * (watts) * * (ohms) (ohms)

****** ***** ** ******** ** ********** ** ****** ****** ******** ***** *w*** **

* 1500 * 3759 * 0.746 * 12000 * 9428 * 5.77 * 2.40637 * 0.00131
* * * * * * * *

* APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO
* NV LV * 400 Hz, 18 SEC.
* (kv) (kv) * (volts) *

" 34 4 * 960 * A/B 43.303
"* * C/A 43.289

* * * B/C 43.289

ANSI STANDARD IMPULSE TEST PERFORMED AT 95 KV BIL.

IMPEDANCE AND LOAD LOSSES AT TAPS:
(1-2) = 5.65% AND 9192 WATTS, (5-6) = 5.91% AND 9872 WTTS
PARTIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PERFORMED AT 2.5 KV:
H-L = .235, H-G - .201 & L-G - .476

CERTIFI CATION:/(7

TEST TECHNICIAN - - ENGINEER _____,..__._ _
/

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

AL 1 91 B-67
"'Im it p
.St.L B.C.., 63.,. cE3 7O DOP RATION - A kMEMBEP Or T"rE t-,SEA BRWN BOVER'! GRO :'



EBA NATIO%AL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02902-1
STYLE NO. 841500B110
KVA 1500
TEST DATE OCTOBER 9, 1990

************ ************* *************************************************.

• TOP * %VOLTAGE * COILl * COIL 2 * COIL 3
• .•tt*•tt***ttttt * t**** **• ******••*•tt*••t ••*****t***•t**•*•*••****•****.**,

*INCEPTION t 150 * 10 pc * 40 Pc * 30 Pc

• • * * *

*EXTINCTION • 110 • 0 pc * l5pc * 10 -c
• *•tttttt* trite* it**t t•••ttttttttttttt**et*t***********ttttt*t****tt. Ett*t•

• BOTTOM * %VOLTAGE * COIL 1 * CO:- 2 * COIL 3

• t • * *

:INCEPTION * 150 * 20 Pc * 40 Pc * 20 Pc

*EXTINCTION * 110 10 pc * 15 pc * 4 pc
******* *******************************************************************,

t I B-68

CEB CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP



NATIONA4L IN DUMrI -E^aý :'-30Cm IE -S

TRANSFORMER IMPQLSE TEST REPORT
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FGA NATIONAL INDUSTRI

CERTIFIED TEST REPORT

SHOP ORDER 02904-1 STYLE NO. 840500B050 TEST DATE 09-19-90

NOMINAL VOLTAGE: 12000 Delta / 480 Grd-Wye Three Phase 60 Hert:
Y.ý'A: 500/666 CLASS: AA/FFA AVG WDG RISE: 75 DEG C.
:NSt7LAT:ON RATED AT 185 DEGREE C BIL (kv): HV- 95 LV- 3c

CUSTOMER: ABB SERVICE CO. POO LS-01446-C
LONG BEACH, CA. 90805

***ti**ttt*t*i*w**"'ti*ii*t*i.*i.i**iti*********ti*i**i***i****************,

* KVA * NO LOAD* * TAP * LOAD * 'TOTAL SER:ES
* LOSSES * % Iex * * LOSSES * % Z * RESISTANCE @ 95 C

* ' 26 C * 26 C * 0 95 C * 95 C * PRIMARY SECONDARY
* (watts) * * (volts) * (watts) * * (ohms) (ohms)

' 500 ' 2244 * 1.689 * 12000 * 4499 * 5.57 * 13.50484 * 0.004515
* * * * * * *

APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAl RATIO
•V LV * 400 Hz, 18 SEC. *

(kv) (kv) * (volts) *

* 34 4 ' 960 * A/B 43.267
* * C/A 43.253

* * * B/C 43.260

***i*****i******i*****************lilt** °-**************t*******i*********

ANSI STANDARD IMPULSE TEST PERFORMED AT 95 KV BIL.

AA MEASURED TEMPERATURE RISE (C): HV - 66.6 LV - 54.0

:MPEDAJCE AND LOAD LOSSES AT TAPS:
(1-2) = 5.51% AND 4344 WATTS, (5-6) = 5.73% 4638 WATTS
PAR.T:AL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PERFORMED AT 2.5 KV:
H-L = .186, H-G = .182 & L-G = .677

CERT:F:CATION: " _ - ,,

TEST TECHNICIAN .. "' '-.- ENGINEER j" .

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

AL ED il B-73
"9EP,,

- h% IME ~~EAS~ ~A DfRGU



EA NATIONAL INDUSTRI
252C 58?" Str't TeOcmon- Tel*e Teaetax
mam:tor Virginia 23661 (804) 838-8080 82-3646 (804 838-8905

TRANSMITTAL LErTER

FOR

CERTIFIED TEST REPORT

RE: ABB SERVICE CO. DATE: OCT 1 6 990
2382 E. ARTESIA BLVD.
LONG BEACH, CA 90805 SHOP ORDER NO: 29040

ATTENTION: ROGER RATICAN

JOB NAME: TBA

CUSTOMER: ABB SERVICE CO P.O.NO: LS-01446-C

We are transmitting herewith four (4) copies of the Certified Test
Report for your records.

If you have any questions, please do not hesitate to contact me.

sincerely 1.1"

Patty Dors
Admin. Assist. Mkt.

All& Ig 8-74

EB CORTPOPATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP



E-BCA NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER C2904-1
STYLE NO. 840500B050
KVA 500
TEST DATE OCTOBER 11, 1990

* TOP * %VOLTAGE * COILl * COIL 2 * COIL 3
**************** * * *** *** ************** ** ***** ********* ** *********

*INCEPTION * 150 * 3 PC * 5 Pc * 15 PC

*EXTINCTION * 110 * 0pc * 5 pc * pc

* BOTTOM * % VOLTAGE * COIL I * COIL 2 * COIL 3

*INCEPTION * 150 * 3 PC * 5 PC * 15 pC

*EXTINCTION * 110 * 0 PC * 5 PC * 0 PC

AL Iti RD -75

-C2Y n~ATION -A V•EM8EP OF T," ASE' Et ,N BOVER GPOL'•
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Appendix C

Operating and Maintenance Manuals
and Product Information
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August. 1985 Manual 7421-1
a - 74? O. 1 0 S" 41ff.. 0 CW-?423 Log 221

Instructions for Receiving, Installing
Operating and Maintaining

DRY TYPE
TRANSFORM ERS

Do h*1 Jac% 0r Pull Ends

Roln n akng Arco

U". Pour Poil.. SOLd Dolii. ILa Shp.,r To

prf'ewn 0.91011600, of Ba.. And Encloou.s

SQUARE ID COMPANY

C-3



DRY YPETRANFORERSINSTRUCTION
DRY YPETRANFORERSMANUAL 7421-1

0t, Tvvp Cofc Ant Coil Aslembh,, Compact Tyoe. In 36" Deev. ven!illatC EncloluC

________________SDUAPE r0 COMVPANY

C-4



INSTRUCTION DRY TYPE TRANSFORMERS
MANUAL 7421.1

Guide For The

Operation And Maintenance Of
Indoor Ventilated Dry Type Transformers

This ins: ructior, Manua! covers £'fl re a. reconirnendiiiuns inI esrabisired limits %viien rncasu red ;rea, tire tranisformrer

for tire oneration and mraintenance of dr\ type distribu- titicts. ibis usuialIk mill require a nuririnom of 100 cubic

tion and power transfornmers. feet of air per minute per kilim'~ta of transfornirer loss.
Tihe area of vcirilatirig openings required depend~s on tile

Tire successful Oprartion of these ItransforirrerS IS derren- heighrt of tire vault thle location ('11 openings. arid tile
dciii on p~rop~cr installation. loading arnd marnritCilalice as rinaxtirtir loads ito bc carried by tire transformrers. Forr

,c:a% oit proper desmin and mintiirifatuic As with all seirf-coiroed trartrrrcs ie Icr~riir.l cfrccli\ve area
cicctric apparatui. nregiet olfcertain fundairenital require- slrouid, be at least one square toot eachi of irrict aird outlet
Irerits m3a' lead to serious trouble, if not to tire loss of per 100 KVA of rated tratrsfurnrier capaicit\ . alter deduc-
tile equiprincri. For this reason. a wide distriburtionr of nion of tire area occupied by screens. grariirgs or louvers.
In fornaianor III regard to tile care of dr\ typ'e trarisfornriers
is Imrportant. arid these brief Inrstructions are publishied for
thrat purpose. Ventilated dryý type trarrsformreis should be installed in

locations free from unusual dust producing mediums or
in addition to tire use of tills guide. tire factory m3\ be chemnical furnes- Tranrsformrers shrould be located at leas:
.onisulted for specific rcurrnineurdatioirs on special coridi. 12 incites froin walls or otiret obstructions thrat miright pee-
nuons. Also referecei Inra\ bc nmade io other pubiications. v-ent free circularrnri of air tirrourlri arid arouird eachr unit.
sonic of whinch are listed in tire Appendix. The distance between idiacent translomners shrould not be

less titan tinls valoe. *Also. accessibiii;\ for mtaintenrance
should be taken into account inl locatinge a transformer. If

1. IN~STALLATION the transformer is to be located near combustbibe mater-
tais, the nuinirnurn sepraTtions established b% tire National

A. Location ELectrical Code should be nlarntainred.

Factors wiricir should be kept clearly in minrrd iut locatinig
dryt ty pe rrarrsfornrrrs are aCcssibilit% v. %ccii ijatori arid
at riosplieric crindilioris. Thre r ranisfornierC case is designedJ to prevent tire entrance

of niost swial; animals arid foreign obiects. IHowever. :
\en tila red d,%' tr'e t ransformrers rrormrallk arc designred somre locatiions. it rrua' be irecessar\ to gice conrsideration
fur insiajlanion indoors in dr\ locations. Thev %%ill riper- to additional protect:ion.
ate sniceessfull" wkhere tile irunrildiv is lIiirj butl undecr tills
condition i: rna\ bez necessary to take precautions to keep In gcrrerall. a fiat. level industrial floor is adeqruate and no
themi dr\ if tile\ arc sihut down for appreciable periods, special preparation is nec:essar> because of tile base curn-
This is discusseC m-ore fu!!% under *Opcration." Locationts si ructiori used on tiresc transformers whinch comnletchy
~'here hierc is drippirrg 'A aner should be avoided. If this is eltirinates tire conuphicatcd process of groutinrg sills into

nor possrrre. su;n;able protecý:ton should! be prox ided to concrete floors.
prrc~en: %kater from entering tire t ransforire, ease. Precau-
trolls shiould2 be zakeir to cuard agains:, accidental entrance If noise is a factor iii the location arnd operation of airy
of .~at: such, as miricit oc:cur front alr open wkiirdo'k . b' a tranisforirrer-s. slecJial kconSldeiation should be Iici errto, thic
bl`Calio II a " ater C' Stearrr itre. oi from use of water near inrstaliat ion o:_ tire equipiricri
tire r rarisfurinrrs. Adcouate %en ilitiorn is essential for tire
proprt' cookfin of ~rantsforiniers Clean d r' air is desirablel. Tire lirrrulse sri cricthr of thecse tranlslor nicrs is less than1
Filteredl air wnaý redu.ce mnainieraince if tire locatinon nrr that 0:_ 1iui11rrr115 hr o!" tire salirnechaz class. It
-CIntS a prticrular -roblem . khen iransforrcirs arc iristal>- there is an\ ln~ikcinnrd thati trasiii nmcr s \\ill be exposed
ed in vaults or othrer restrizctd spaces. sufficient yen tila1to ighiniri or severe s'\ itchling so i, es. adequate protec-
Uoni sirouid be pro\ ided to hold tire air rerirperature wvithr- tIVe eqilipmnnr: should lir pros ided.

____ ___ ___ ___ ___SQUARE ID COMAPANY _ _ _ _ _ _ _ _ _ _ _

C-5



DRY TYPE TRANSFORMERS INSTRUCTION
MANUAL 7421.1

Transformers of standard temperature rise are designed to reduce the nameplate rating by 0.3% for each 330 feet
operate at altitudes up to and including 2300 feet. Dry that the altitudc is above 3300 feet.
ty1pc traunsforiners are depcndcnt upon air for dissipation
of their heat losses and conseciuentlk the effect Of de- 2. If the transformer is a dry typc. forced air cooled,
creased a, ucrisitx dui" to hiire, altlilud" is wn Increase the Class AA,'FA. reduce the nameplate rating by 0.5%
temperature rise. Standard tiarisfoirners can be used at for each 330 feet that the altitude is above 3300 feet.
altitudes yrcater than .300 fcct if thie lkiad to be carried
is reduced beioA nameplate rating as foliok s- If the maximum 24 hour average temperalure of the cool-

Ing air is reduced belo%, design levels. the altitude limita-
tion or -3300 feet can be saf.e!.h exceeded without reducing
the nameplate rating of the transformer within the limita-

1. If the transforiner is drI% type. self-coole)d. Class AA. tions of the table below.

Maximum 24-hour Average Temperature of Cooling Air, Degrees C

Altitude

3300 Feet 6600 Feet 9900 Feet 13200 Feet
Type of (1000 (2000 (3000 (400U

Apparatus Meters) Meters) Meters) Meters)

DRY.TYPE CLASS

AA

80cC rise 30 26 2.2 18
115'C rise 30 24 18 12
150cC vs. 30 22 15 7

DRY-TYPE CLASS

AA/FA
8WCC rise 30 22 14 6

115CC rise 30 18 7 -5
15CcC r~se 30 15 0 -15

B. Inspection After making ,l) the necessary prinary and secondary
connections the equipment should be thoroughl.' inspect-

Nec& transformers should be inspected Alhen received for ed. Before placing in service. the operation of fans. motors,
damage during shipment Examinatior. should be made be- thermal relays and other auxiliary devices should be
fwrC removing from cars or trucks and if any injury is checked. AJl bolted connections Ahich may have loosened
evident or an'\ indication of rougii handlint is visible, a in shipment must be tightened before energizing. See
claim should be fuied 'kit the carrier at once and the torque listing below.
manlufacturer should vc notirlec,

Suiscquenrt *. covers or rrancs shouhc he removed and an Keps nuts must be tightened to the following: torque.
iternal inspector. made for imur\ or displacement of
parts,. los. or bruker. connectorus. :rai,ked ,orcelain, dirt Size 1 i4 - 20 torque 4.6 foot pounds
or ',,recic- matertaý anz fo0 the presc:,c of free" water or S;7.e 5 16 - IS torque t-1I foot pounds
ltor1turc Corrective measure, shou!d be taken where rice- S;:e 3:8 - 16 torque 15-20 foot pounds
essar. Siipping braces should be removed if provided. S;ze 1"2 - 13 torque 25.30 foot pounds

.,\ftee a trranfo, rimer is rnr cc ow i: is itored before D,. not over ti,,iten.
installation, his wsprtcoor. shrouid be repeated before
placiu; the transforiner in service.

4 SQUA:E D COMPANY
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D RY TYP E -,R.AN SF L)R IA--R
MAP*JA. 7421-1

C . Haridimec sr'rcaUcr' it piwec: ticen;osure. k~ tile% mius' bc, i1icd
o! s,,.wucc. use iuu- tolier si~.id dollies. oil- near ea:lt inte-

ree c ý. t r.risfornicrs are corrcctI% handied Zs p-; lifting~ OCvicC. tor prevent tipping and dISITLOrTIn Of

S!Iowlz r'Cio Tilv nictilod %kill Prevent calilace it, tile base and enIJOSurc.

shre: me )eijosurc- usorg rczrsonabic care- Ti'ces traits-
aro mý r;ý s CoIrUzLeu Onl 4 ilc~jv\ u base nroviciec irerý ventilated tuansforiners are 11andied or stored OLI!-

~ c c:e~. cr uvce~a! seet. i) tile phicrr Tlie\ (i~oos. tile\ Ilrist r'C ColnrniCtel.\ prIOIteI[d 2!I311IS! an1y n

IT~ ic ftej vtni% fruni thev tbjC 5JO us. proper ::jLlc Cl.cini1mr %tca~ci~r lo prereitl er::31nce of fall) wr snot'

.. ... .... .....

... ... ..

..... ....
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DRY TYPE TRANSFORMERS INSIAUD..TION
MANUAL 7421-1

0. Grounding of the transformer for energizing or application of the
high potential test. TIlE INSULATION RESISIANCE

The case Inrd core assQnb.•l\ of these ,uansforwe~s should TEST MUST BE SUCCLSSFULLY COMPLETED FOR
be pcrmJnenth\ and adequatel. grourided. FACTORY WkARRANTY TO BE VALID INSULATION

RESISTANCE TEST MLUST BE CONDUCTED INIMEDI-

2. TESTING ATELY PRIOR TO ENERGIZING THE TRANSFORM-
ER OR BEGINNING IlHE DIELECTRIC TEST.

A. Insulation Resistance - Required
All dr% type unit substation transformers are given insula-

1 GENERAL lion resistance tests at the fa,:Ioiv. These values aire

TIe Insulation resistance test is of value for futre com- recorded on a large megger test tag, facsirrie shown
prra3lve purposes and also for ueterimimig the suitabilit belov , attached to the trarisfornier.

IMPORTANT READ CAREFULLY

FOR TRANSFORMER WARRANTY TO BE VALID, THE FOLLOWING MEGGER TESTS MUST BE

MADE, USING A MINIMUM OF A 1000 VOLT MEGGER, IMMEDIATELY PRIOR TO PLACING
THIS TRANSFORMER IN SERVICE. BEFORE USING MEGGER BE SURE 70 DISCONNET

LIGHTNING ARRESTERS, FAN SYSTEM, METERS, OR ANY LOW VOLTAGE CONTROL SYSTEM
THAT IS CONNECTED TO ANY WINDINGS INvOLVED IN THIS TEST. THE TAeULATIONS

BELOW ARE VALUES OBTAINED ON THE FACTOPY TEST FLOOR USING 1000 VOLT

INSTRUMENT WITH A 2000 MEGOHM SCALE. IF VALUES OBTAINED IN THE FIELD TESTS

ARE LESS THAN 1000 MEGOHM OR ONE-HALF THE FACTORY TEST VALUES LISTED BELOW
WHICHEVER IS THE LESSER, THEN THE TRANSFORMER SHOULD NOT BE ENERGIZED UNTIL

IT :a DRIED OUT AS DESCRIBED IN THE INSTRUCTION MANUAL FOR DRY TYPE TRANSFORMERS.

TRANSFORMER SERIAL NO.

DATE TEMP. ' C. - LOW VOLTAGE TO GRD. MEGS.

L.V. TO H.V .M E. .MEGS., H.V. TO GRD.__ _ MEGS. BY

42006.-0 1 .01I

IT ICS' lh, s U, Or dts: Ioi\ed, refer to the factorv. TURE in degrees Centigrade. must be either 1.000 meg.

.,i rc Ipr r "ml cw re, d o0 : esc Ites results is kept on ohirIs Or a n;.!:rriurr: Oc one -half or nmore of tle vaýues

obtained in the factory test u herl this value is less tlhan

1,002 mn gorims. If the corrected field test values arC less

Tiir ,5,lJ 5 rLr'a',lO r"sIsancc lest IIrUu be conducted thinr the above miIinirrurrir. Ile transformre: is corrs1dered
iirir('6iiIcl\ k prio. It CnIirtC..r!1 tile iri~lsrortncr. 1]irsCe rr',Sjfc to ellergile arid roulst bc dried lising IprirCedilre

.,c5. (01l ,1I CI ED TO FACiOPRY TEST TEMI'L.RA- described under mamrtenn,:c.

6 SCUA:E ID CODMPANY
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INSTRUCTION DRY TYPE TRANSFORMERS

MANUAL 7421-1

2. TEST PROCEDURE (1) 1 hgh voltage to ground

a If the transformer is not scheduled to be energized (:1 Low voltage to ground

miimediaicl.\. it is recommended that within one week (3) Ithglt voltage to )oa voltage

after receiving. heat be piaced under the transformcr to

insure dryness for negger test. f. Megger readings should be recorded along with test

Six 150 watt lamps placed under tire transformer: two teimerature (*)'. If heat has been applied to trans-

lamps under each coim. one on eacti side of tire core former. detertinie temperature of transformer at time

should be used for transformers rated 750 KVA aid of test by placiTg thermometer on top of transformer

belh ' ULse sty\ 300 wart lamps for transformers rated core and allowing tine for thermometer reading to

to1 10 2000 K\A. I Ica! should be supplied on a con- stabilize. Using table t n page 6. determine correction

tinuous 24 hour per dj. basis. \entilating openings multiplier and multiply field test megger readings to

sihoulu be blocked during this period, obtain temperature corrected field test itegCeT values.

b. Make sure transformer is clean using vacuum cleaner g. If corrected field test rnegcer valor- are less than

to insure removal of all foreign material that may onedhalf of factory test readings. thi- :ransformer is

affec. insulation resistance test values, not considered safe for energizing or performing di-
electric tests. Transformer should be dried as outlined

c. Dsconnect ALL high voltage. low voltage and under maintenance section.

neutral connections, as well as hghmtnng arresters. fan
system. meters or any low voltage control system that It. If the corrected field test values are one-half or

is connected to any windings involved in this test. Do more of the factory readings or 1.000 megohms,

not disconnect ground connection to transformer whihever is less. the transformer is considered safe for

frame. conducting the dielectric test or energizing. Trans-
former connections slhoud be remade and transformer

crnerrized ininnediatehs after cnmpleiing insulation re-
..... sistance test if dielectric test is not to be completed.

TEMPERATURE CONTROL SYSTEM (IF FUR. B. Dielectric Test -Recommended

NISHED) MUST BE COMPLETELY DISCONNECTED
DURING ANY TRANSFORMIER TEST SUCH AS I. GENERAL
MEGGLR. DIELECTRIC (Ill-POT). DOBLE. ETC.. TIhe dielectric test imposes a stress on the insulation since

"TO '.II\'ENT DLSTRLUCTION OF TEMPILRATURE the dielectric test voltage is higter than the normal oper.
CONTROL CIRCUITRY. ating voltage. The insulation resistance test must be suc-

d. Before beginning negger checks, iumper together all cessfully completed immedwately before performing the
a c s M dielectric test to prevent the possibility of transformerhilgh \oltage connections. Make sure .iumpers are clear

fadure 6ue to moisture. The dielectric test supplements
of all stee ind grounded parts. Also jumper together the megrer tests b\ determining the suitabi~lity of th~e

_1P lo\ ve .t and neutral connectionS again making transformer for operation at rated voltage.
sure Jump, is are clear of all steel and grounded parts.

e Us-ng a moegger with a ninimumn scale of 2.000 Field test voltages should not exceed 75, of factor% test

mecoim-s and nunitnum rating of 1 .000 volts, make values. For routine periodic checks test volage should be
niegFer checks wkith the megceer connected as follows 65% of factory' test voltage. The high potentia? test set
(Note Each inegeer check to be maintained for a per- must be variable to allo\ a gradual increase of test voltage

tod of one minute.) from zero and gr2dual decrease after test is completed.

SOUARE ZD COMPAN'Y
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INSTRUCTION DRY TYPE TRANSFORMERS
MANUAL 7421.1

W_ Following is a table showking factor% dielectric test voltages with recommtended Field arid periodic test voltages relative to
tile rated voltage of tile respective wkitdirigs.

Transformer Factory Reco'mmended Recommended
Winding Rated Test Field Test Periodic Test

A.C. Vottauci r A.C. Vottaoe A.C. Voltaue (75%)0 A.C. Voltatie (65%)
1.2 KV & oejow 4 KV 3.0 KV 2.6 KV
24 KV 10 KV 7.5 Ky 6.5 KV
4 16 K\' 12 KV 90.0 K V 7.8 K V
4.8 KV 12 KV .0 KV 7.8 KV
6.9 KV 19 KV 14.2S KV 1235 KV
77. 2 KV 19 KV '14.25 K V 12.35 K V

I8.32 K V 19 K V 14.25 K V 12.35 K V
I1ý.0 K V 31 K V 23.25 K V 20.15 K V
12 47 K V 31 K V 2 23.25S K\' 20.15 K V
12.2 KV 31 K V 2 3.2 5 K\' 20.15 K V
1-3.8 K%' 31 K V 23.2S K V . 20.15 K V

tinder sonie conditions, transformers may be subjected to a periodic insulation test using direct voltage from kenotron
sets. In such cases, thle test direct voltage should not exceed tire original factory test rms aliernating voltage; e.g., if the
factory test was 31 kilovolts root mean square (KV rms), then the routine test direct voltage should not exceed 31k'.

2.TEST PROCEDURE 3. STORAGE

a Transformer mus, successfully pass the Insulation Ventilated dr~y-type transformers preferably should be
Resistance test immnediately prior to starting dielectric stored in a warm dr'- location with uniform temperature.
tests. Ventilating openings should be covered to keep out dust.

If it is necessry to leave a transformer outdoors it should
t' Recheck itemis c. d and e of insulation resistance test be thoroughlN. protected to prevent moisture and foreign
to nake surt transformer remains completely isolated material from entering. Condensation and thle absorption
anid umnpers are still connected, of moisture can be prevented or greatll' reduced by the

immnediate installation of space hecaters or other small
c umpe, 1(1%k .uh,,ge windings in ground. electric hecaters. 1f miore convenient, incandescent lamps

may be substituted for the space heaters. For transformer
d Connect high potential test between high voltare ratings 7 50 K\A thtree phase and below, use six 150 % ttt
\4 inding and ground. Gradua.1l% increase test voltage to lamps, above 750 K\'A three phiase, use six 300 watt
desired value. Allow. iesr, voltage duration of one minute lamps o. equivalent. Two lamps should be located under
after* which graduall\ de-rease voltage to zero. each coil, one on each side of the core. Lamps or heaters

should be kecpt 4 -6 inches from transformer coils and
e, Remove lowA %o!tape to ground ' uniper and connect shouid never bc allowed to come in contac; with trans-
h1id, notential tesi Detwkeen io% voltage w&inding arid former coil insulation.
rounld Rez-fa: test using proper test voltage for low

"%o"zrei inding ratec i~olra2ge.

4. MAINTENANCE
t-s:s im items d and c do not produce failure or

i'rowri . ans:_ormoe: is considered satisfactorv and A. Periodic Inspection and Mammienaicee
rcaj.\ to be enec.-:zed

Like other electric equipment, these transformrris reoruire
g Rcni(oe a!! iininrper and reconnect primary , id maintenance from time to timec to assuire succ- ' ~ul o:
stec )rrda'' cor-neczions . licning arresters. cont rol ci: tion. Inspection shouild be made at regular . -rvals _ij
cults. etc. tha 1111 1a\ 11ae beens disconnected for test. corrective mecasures t., ten when ilecessarv' t0 assure the
Lrrerp~ze transformer inimediaitel, most satisfactor\ serv ice from this equipment.

SQUARE ID COMPANY
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Thle freqnjcic% al inchI1 thetse t ransforriers should be InI- siailation or after anr extended shutdown unrder relatively

sliecicd depends on operanuige conditions For clean dry Irigli hunrrdit% conditions, one of thle following methods
locatirris art irnspection annuall\ or at ter a longer period, lira be used:
ttia\ be sufficient. H owe~er. for, othe~r locations. suJi as I ILxlernai; heat
Il)J ' be eri).OWtilred \\IhCrC tile 3i! 15 C0~itarirIrrated %Wil Internal beat

dlust ort ciicirrica, fulites. arl lllspc~lloir at thr~Ce 0"t SIXcn n itralha

mronthi interrais ma\ be rerorireC lUsua~l% after hie first xcna n nera ia

fC'A Iinspect1io periods a definite schecdule canl be set upl Before appivinF an\ of these methods. free mloistuire
basd ir heexsrne ondirnsshou~d be blown or "-iped off of ltre windings Io reduice

With mie transformer oe-ener-c;zed. fioii and rear access tire rime of tire dr\ ing period.
panels should be removed Irrspections should he ma.de for
dirt. eSnC'-;Uh' aCc-umtIIlatrIrs oin insuflating surfaces or I lr\ ing b% External li cat - Externial treat nivra be ap-
for those ru~ rii r tnd tc restirct air Flo~k ror loose cotil- plied .to the 'transformer b\ one of tile folio~ ing m'ethods:
nections, for thre condition of tap changers or terminal
boards and for the general condition of tire transformer. a. Byv directing treated air Into tire bottonm air inlets
Ortservatron should be made for signs of overhreatinig and o ~erarfre ae
Of voltage creepage over insulating surfaces as evidenced

b~ racineor arbniztio.b. 13, placing tire core and coil assembl\ in a non-

flammable box with openings at the top and bottomi
Lvidence of rusting.. corrosion and deterioration of thre through which heated air can be circulated.

riniit should be checked, and corrective measures taken
%k ic re ne cessar .c. B\ placinig tire core anid coil aassembl\ Int a suit-

ab)\ ventilated ov-ei.
Fans. nmotors and other auxiliary devices should be in-
spected and serv'iced during these inspection periods. d. By Placing incandescent: lam1ps in transformer en-

closure. See storage sectiont for dectails.
B. Cleannin

It is irrrpirairt that most of tire hecated air be biowrr
If excessive accumulations of dirt are found on tire trans- through1 thre winding ducts arid not around the sides. Good
formrer %irrdtne, or insulators whren thre tranisformrer is III- verrtiialruir is essential In ordier thll; colideirsaitoir will riot
spcicid, tire dirt shoulj be rcirrrwed it) permrit free circ1iri- take place III itie transforrrrrr itsell or irisitic tire case. A
1101 Of at' a'td Wr CUard aCarrrSt, tire puissibitit\ of irsula- Sir firýCIenI iruarri it or air - ruruld hei used to assure approxi-
iron turcAkCons Parsicuiar attention should be given to irate1% equal uric:I arid outlet terirperatures.
Ciearriric top and bottoni ends of~ \rsndirrg assemb.rlies. arid
to ciCarring cu:, ventdairig ducis WIIeir usirng eitirer of tire first two externial heating mrethi-

ods. treat nraV be obtainred b% tire Use Of resIstan.Ce grids or
Tire ri rrdingr nual he cleaned with a '.acuum cleaner. a space theaters. Tirese irsar either be located inside tile case

b~'e.or wvti: corrrresstd arr. The use of a vacuuri or box or nra'\ be placed outside and tire heat blown into
Lirar~icr rs ;rerdas tiic firs, step in cleaning followed the bottoim of tire case or box. Tire r-ore and coil asseirrbl%
t'\ tire ust o' conrrrrtssec a:. or nrtrocern Tire cormpressed should be carefully protected against direct radiationr froin:
a!, 01 rio-ý rT @rr sl re car: arid d r\ an4 should be tile treaters.
a-,~rred an a rcerarruer itcr pr-~rea (rnot ove: : psi), Lead
smnut'r~s. -,3F c:,arerrs arit te rrrira: boards, bushings arid 1: is reconmmended that thle air teriperature should not ex-
krter crr rsuIc inc skifz:cse should b brushed Or ceed 1 10 'C.

"x red'7 :1: al c -% clo'.' Tire csr ')f jiqUrd Caleaers IS onl-

dclstrabic ('ecajusc sonie o, threri Ira' a solvenit or deterrur. vrr bN Internal Heat - This mnethrod requires volt-

atw: ciree uct in tins: irrsu;aýr n- nriterials 3re Taid currents Wlrreir iiia% be difficult to obtlain Ir tire
field arid, therefore is trot used as frequentl\ as exterira!

In-urr o' C .rc ardCorArerti

Tire itrarnsfornmer should be located it) allow free circula-
W\ire. it is itcccssa,\ to d-\ our a trarrsiornrer berore iII- tini of air through tire coils front tire bottomi to tire trip

___ ___ ___ ___ ___ __SOUARE ID COMPANY _ _ _ _ _ _ _ _ _ _
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MANUAL 7421-1

of the case. One winding should be short-circuited, and in the interior of the insulation is korking out through the

sufficient voltage at normal frequenc\ should be applied initially dried portions. A curve with time as abscissa and

to the other winding to circulate approximately nornml resistance as ordinate should be plotted and he run

current, should be continued until the resistance levels o. and re-

mairs relatively constant for three to four hours.

It is recommended that the winding temperature not be

aliowed to exceed ]0COfC.as measured bv resistance or by Insulation resistance measurements should be taken for

thernionreters placed in the ducts betwecn the windidgs. each winding to groand with all windings prountded except

Tie trerometers used should be of tile spirit type be- the one being tested. Before taking insuoation resistance

cause mercur\ therinomeicrs live erroneous readings due measurements the current should be interrupted and the

ti, the penerat:on of heat in the niercury as a result of Winding should be short-circuited and grounded for at

inuuced eda. currents Tile enr terrnrals of the windings least one minute to drain off any static cilarrc. Ad read-

land no" tile taps inus: be used in order to circulate cur- ings should be for the same time of application of the test

rten: througlh the entire winding Proper precaution should voltage, preferably one minute.

be raker. to protect tire operator from dangerous voltages.

E. Cauzions

., Drying b\ External and Internal lieat - This is a com-

binatioin of the two metirods previousiy described, and is Constant attend: ;ce during the drying process is desirable.
b\ far tie quickest method Tire transformer core and coil It is advisable to have a suitable fire extinguisher conven-

assembl\ should be placed in a nonflammable box. or ient for use in the event of an emergency.

kept in its o%n case if suitable, and external heat applied
as described in the first method. and current circulated 5. OPERATION
througi the \mindings as descrioed in the second method.

Tire current reojired w-dl be considerab]. less than when A. Remo\a] of Covers over Openings
no externai heating is used but should be sufficient to pro-
duce the desired tempera.ure of the windings. I1 is recom- Covers over openings in the transformer case must not be

mended that the temperatures attained not exceed tirose removed whluie the transformer is enerpzed.
stated in the foregoing

B. Effect of Humidity
D L Use of Insulation Resistance for Deterrining Drying

Tine As long as the transformer is energized humidity condi-
tions are relativel\ unimportant. In tile even, that a dry

Dr'\ in time depends or. the condrtion of the trarisformer. type transformer is de.energ•zed and alicwei ro cool to

sýe. %ohtape. amount of moisture absorbed, and the meth- ambient temperature, consideration must be given to the

od of dr,' rng used possible effects of humidit\.

"Die measurement of insulation resistance is of value in If the shutdown period occurs during low humidity con-

dctcrnurling the status of d,-.ig. Measurements should be ditions no sr'ecial precautions should be required before

akecr. before starting tire drrmg process and at two-hour erertzing tile unit.
rter-air during dr'ying Tire initial value, if taken at ordir-
ar\ rerrerarrr\es, noa be high even thoug. the insulation Experience indicates that if a shutdown exceeding 24

nii\ no, be cr- Because insulation resistance varies in- hours occurs during a period of high: humidity, rarticular-
%ersei, %,izh temperature. tile transformer temperature hy if atmospheric condmtions are such as to cause conden-

should be kept approrm'atel\ constant during the dryulg sation %\ithin the housing, then precautions should be

period ,c obtain comparati'e readings. As the transformer taken. Small strir heaters iray be placed in the bottom of

it heated. the presence of noisrure wdl be evident by the tIre unit shrortly after shutdown to inaintain the tei-ocra-

rapid drop in resistance measurement. Foliowing this per- lure of tire unit a feu, degrees aoove that of the outside

rod the insulation resista:nce mti: gener.ali increase eradu- air. If such precaution has not been taken ?hen the unit

all. until near tire end of the dryingg pCriod when it \ill should be inspected for evrdence of miisture, and insula-
increase niore rapidl. . Sometimes it v ill rise and fall iron resistance should be cinecked If there is evidence vf

througJh a short range before steadyirg, because moisture moisture or if the insuiation resistance is .o\ . tile trans-

StDUARIE D COM=IANY 1"
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fwmc! sioulif be dried 01.1 b.\ Ole 0' tUI meHod10s de* 2 Chanrc tar )UMe ptOn cajzh phasc to tile cofrcct t.11,
SýrIlbci2 cvfliiccitIOI 1 p uimpet must tC oil tile salitC tai!' posi*

C Tai- Crar'miigfi
I. mar iuurttc: ntus.be IlWJsii2d ol:; Ofpx' ý:01! ,F ir.

Al e'm~r~au~mm.the orOult' \ojl-~ce o! (hec transorw'ne i ig 'em.,f~oeta'mrrr

sholdve antlcmpl 3:. softic tmmc OatIPLII rmmlwa ol the tanS live parts be sure bolts are rmilmtemmed4

foumersmm~e ~rm~errusri~ ' ~a~ It.J~t~~ PCCI . rj-.tce flow aL~ess panels
Inti: (PCs or;StimeLrfl enuosure.

t~iec,1c out 'u: o1 ioal_ side \' 1-. ý o rc o L iit5ulle ijilistilliC t C& Lilveul/e tr'lsfor ilm r anj 1C.:ilCk Ill, immit ; voi zqmit c.

cih!UP 0o u;'mv. rue per1er.:aeei tar itwirerps iAuntL ur

tle frow su faze or t me Coils Inus: yeciF ' [!i] Ill.i phiases
(SCe ;):)io' or' frontý coXr Of thils bjllCtmn for ta;r itinca- APPENIX

I;:t:ltrtttarioi kort \lAj' tar mus'. be used it) crrect jot lriuhr
vi lo\N lný:o1111n Iline c0~rh aeOf for %ol r;Ce drop in) tile
oriru! or load 'oilage due to mur;.g %kimont rurs. Note that REFERENCES
\tncV the wijc %)h3cc is i% I) a,- Lonnme~nort beiom I1007,-

imr e 'oiakxc nus: be used to rarsc tile loal2 'uliage If American S:andard (orTanfres culosad

!:C id Uave i hir~t tap conle~ionurs above )D-Co Reactors. C57.1. 011. C5-1:>50. CST.11 I1 and

WICe 'm!ýee must b!e Lsed 10 lower tire load" VorIe.a1 C; .9 91.
I) ! *res Tranisformrers hwr ,crmcra ppmajo' .

Aflier tht: c-recc tatr connection has beenr determined2 UEMA Pub No ST 'C'! -

r:trpar hut prozedu'e sirouhi bre followed tol
Cargep iar's S.Conrmercra'. himstrrutional aric industria:D' p

Tran~sformner~. N[\EMA Pub' Ne TR? r§
I Lkcn-en.rc tranSforme~r Maike sure thmeic is no back

ICCd ffrorm i0A .,oirjcc tie b'casc: 4Narmorr Li jm' Cokl.NI1'ANmn "C. ANSI CI -19-1.

Ike-ru'sc ro pC~;an'eis fro)nt rants'or inC- etris-t: e 5ao:: c: SC Ci~.%\Sl C:I

BOLT TIGHTNESS FOR BUS CONNECTIONS
FOR HA-RDVWARE SHIPPED WITH TRANSFORMER

Toraue in Foot Pounds
Bo':. Material for Belt: Diamneter

.15 20 .31-18 .36 16 .50-13

Grade 1& 2
Heat Treated Steel 4 6 12 15 20 25 3C

12 Sý31_APE ID COMPANY
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a I : :.. *- Te S-c iare I) Model 85A -UFE-G;ARIV' Fan C, itrol System is
stae-)i-R-rtinstrumentation that prolects, the tr-ansformer and adds up to

"a '~ 33-VT', reserve capacitY.

- This systemi provides precision control through the us(, of three high
accuracy thermistor t,%pe temperature sensors, one installed in an air duct

-of each phase coil of a transf .ormer.

Internal coil temner-arures are transtined by these sensors- to a
microprocessor which is prog~ramed to provide a digital display of

- _tempexrature in degrees Celsius and the corresponding coil number.

Digital Display
-~ 11w digital LLD) display range is from 24'C to 255'C in P'C increments.

Characters are 0i.56" high and clearly legible under all lighting conditions.

The Model 83 provides, a choice of either.
k. Continuous scanning of the three sensors with a three

second display period for each coil temperature and
too corresponding coil number.

-. -~ B. D~igital display of the temperature and number of the
-~ hottest coil onlv.

~ For each display mode. two additional options are available:
~ ~. 1, Continuous temperature display.

odion of nUoI wfthoti:.'.; 2. D)isplay only when the 'Read 'Reset" or the -Read
oeweto -Memory Max" switch panels are pressed.

i ý - ~'~- For all display modes. the highest temperature reached by anN coil in anv'
- ~previous interval will be displayed for three seconds when the 'Read

Memory Max- switch panel is pressed. This temperature will be cancelled
and re; 'aced b\ the immnediate maximum temperature when both "Read!
Reset" and 'Read Mlemory Max" switch panels are pressed simultaneousl\,.
Thereafter. any succeeding higher temperature Aill be retained in memory
for later recall.
Contro' Mode Light Panels
Three LLO panels are provided to indicate control mode conditions. When
the green panel is Lighted. it indicates that the control module is energized.
_Sinilarlv. the lighted yellow panel indicates that the fan circuii is energized.
A lighted red pane) indicates that one or more coils are above normal

'fly arauft b a d temperature and the alarm horn wkill sound.
'nedion on rear of ~nrl- -If a temperature of 220YC** is detected by one of the sensors. the control

wlintaeteeegcyshutdown mod~e. Permanent insulation damage
will 01 ocur above thi'ý maximum insulation system temperature. At this

rzZ - ~po .int, the Red LEDi panel flashes and thre-e dashes
Reference: ANSI Standard C57. 12.51 replace the temperature numbers.

ated Average Switch Set Points Emt'rgenc' Actual shutdown or other function can be
[ri-nsformer - ~Shutdourmaso nopinl cesrrempvra~rur Fans Fan%. Alarm MAarm Emergenrý Cas~t Resin accomplished byen fa pinl cesr

Ri se 0n Off O n Off Shutdown Transfornmer relay.
s%,oc :"I" I.ol k: : 21, 5.*C Fan Mode Control and Indicators

17 ~ ~ ~ ~ 111 C L&:, .. I' ~ 5 ~ C Selection of txwo modes of tan operation is provided
ti" It s. - ' ~ ~ "by the -Fan NMode' switch panel. INhen this

sjd r NEMA and AV* w 3f anasr, r' 4' c mA- nlur, amrssor.: 1",a. switch paniel is depressed. the tan modc may be
Thxitoo. dss-t tispr~sr osr.j .~ changed from mianual ito auto or vce versa. In the

)7ýJ17t'(Ut,ore S tm e 114;1 gwvnr-'s.- ns. ýjc.r e r auto mode, the lans are turned on and off
Ir5t `3'( .f"O~~ 1"m'II", c"'vr n o -a r.~ ý 2- -- automatically at specified programmned temperature

oP .,, r n,r torit. t Sls '"ý 0r P nt a - otfll ( ote -,e' ta r 5 r t a n. sr,". Sr to:
to. 4 a--4 ~ sraoowm,' It-'.s c 3, t ( onax'o.n~ ,da ,,r.r,; itrtso,v, Pa tra, : ne. R,* : set points. In the manual mode, the fans operate"fl, 'a ..,r In, C~ a p~c, I.'a. Cw~rt c5-.,,.t2 .ý , - 5 C cniuul oal needn !aitmeau

Iota. 555. .%,,,fnas In S G~ c Nh ' wd o U4 rt'-ar, 01: P,5 In ' 55'55, ;dso 0O-f-. kidC'W5' In! c ni 500.ttfyin e e d n lal e p rt
'n'sMPis arn..arn,no: In, ýww t-.P. -arm'r insw I' n, UwtS55 nvwn set points. Thie selected fan mode is indicated b\

~ IZ!~ E !~one of the LEI)s in the 'Fan Mlode" switch panel.
~ High Temperature Alarm
~ ~ ~~311, the operating temperature of the transformer coils increases to the

programmed "alarm' set poi.-t. the red LED indicator and the alarm horn
~ ~ * are activated, thus warning that the maximum designed temperature rise

ID 1w Cav Ri-si Transicormer"r
'nuar-tur

U1 I-4,ARtP ",a hkgs-rwemi Tradr-mark of s'juar# 11 Cmp..n'd
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rransformers Ventilated Dry

'THE INFORMATION HEREIN IS BELIEVED TO BE Handling
AiCCURATE AND RELIABLE. HOWEVER. NATIONAL

INDUSTRI ASSUMES NO RESPONSIBILITY FOR ITS Nationa! Industri transformers are designed with

USE OR MISUSE AND CAUTIONS THE READER TO provisions for lifting, jackirg or rolling Tnese

EXERCISE CAUTION IN THE INSTALLATION AND pro.istons will vary in detail, depending upon the

MAINTENANCE OF THE PRODUCTS DESCRIBED weight, s~ze and mechanical configuration of the unit

HEREIN."

General Enclosed transformers with lifting lugs on the

This manua, addresses genera! considerations for the enclosure may be lifted with appropriate slings or

operation and maintenance o! cry-type distribution chains Larger units will have provisions for lifting
anc power transformers from the base frame or from the top core clamps.

Units lifteo from the top core clamps will usually
The successful operation of these transformers is require that the top cover or part of the cover be
dependent on proper installation, loading and mainte- removed.
nance as well as proper design and manufacture Dry

type transformers require little maintenance as

compared tO otne, types of transformers, but appropri-

ate attention will ensure their expected service life Caution: Dry type transformers should be maintained

Conditions of operation will determine the extent of In an upright position when being moved. No attempt

maintenance reduired A periodic inspection program tO handle a transformer in any other position slould

should be establshed to monitor the effects of the be made without first contacting the manufacturer.

operating conditions on tie transformers.

In addition to this guide. the manufacturer should be

consulted for recommecations on special conditions. Because of their high center of gravity, dry type

Portions Oa the following information are re-printed transformers are sublect to tipping over during

from ANSI Appendix C57 94 Gui•e for Installation and handling Reasonable care during handling will

Maintenance of Dry-Type Transformers prevent equipment damage and or personnel injury

When provisions are supplied for lifting larger units

Warning: Le.tna! Voltages w~li be present inside all from the base frame, lifting slings, chains, or cables

transforme, enclosures and at all connection points. shoulC be used with spreaders to avoid damage to the
enclosure The core and coil must also be bolted toInstal/ation and maintenance shoulC be performed

only by Personnel qualified ano experienced In high the oase frame and anti-sway bracing provided

voltage equipment De-energ,ze the transformer before

performinC aný maintenance or service work Core and coil units should be lifted using only the

lifting devices provided on the core clamps Care
shOuld be taken to prevent damage to bus work.

wiring an. termination assemblies during lifting When
lifting, increase tension gradually, do not jerk, jar. or

Receiving otnerwise move the transformer abruptly

Inspection

Whnen receive: 'e. tnaeso'me's shoulc oe inspected If the transformer cannot be lifted by a crane, it can be

fto damage c--,nz• sn:opmen: skidced or moved on rollers Care should be taken not

Examrnao sn:,): ne mace oe'oe re-ovrng them to carnage the base or tip it over When rollers are

from ca's o- .,c6ks anc i' ar, niur,, :s evident or any used sk-as should be used t1 dIstrubute the stress over

inoicaton a' rJ-," nan :': :s vs cle a claim snouil the tase
be fied wtr" tne carrier at once a•,,, the manufacturer
notilec Sunseoienlt,,i covers or paneis shOuld be Laroe enclosed units with base frame type enclo-
remove: a"7: a- internaý ins.ection maoe for damage sures. may be lacked using the base frame angoes The

o, displacemen' o' carts loose c Oroken connections transformers should be lacked evenly on all four

a'rt or fo'eic" material and lo, the presence of water corners to prevent warping or tipping over
or mosture I' tne transformer is moved or if it is
stored befo-e ,-,stallator this inspection should be

repeated before -lacinc the transforme- in service. Care must always be taken to prevent any foreign
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Transformers Ventilated Dry

Installation should be provided to prevent water from entering the

Handling (Continued) transformer case Precautions should bo --.!en to
guard against accidental entrance of wz such as

material from falling into or Onto the coils Hardware, might be obtained from an open window,. by a break in

connecting parts, tools, or an'y fceign material should a water or steam line, or from use of water near the

not be allowed on top of the core and coil assembly. transformers.

Foreign material lodged in a coil duct can cause

electrical failure or overheating Caution: Adequate ventilation must be provided for

NOTE: All lifting devices and shipping braces painted red Dry Type Air-Cooled Transformers.

must be removed before energizing the transformer. Adequate ventilation is essential for the proper cool-

Installation ing of these transformers. Clean dry air is desirable.

Location Filtered air may reduce maintenance if the location

Major factors to be considered when locating dry type presents a particular problem. When transformers are

transformers are personnel safety. accessibility, installed in vaults or other restricted spaces. sufficient

ventilation, atmospheric conditions, and sound level ventilation should be provided to hold the a

temperature within established limits when - K-asured
When planning the installation, a location should be near the transformer inlets. This usually will :equire
selected that will comply with all safety codes and will approximately 100 cubic feet of air per minute per
not interfere with the normal movement of personnel. kilowatt of transformer loss. The area of ventilation
equipment, and material. The location should not openings required depends on the height of the vault,
expose the transformers to possible damage from the location of openings, and the maximum loads to
cranes, trucks, or moving equipment It should be be carried ny the transformers. cor self-cooled trans-
remembered that a dent in the •nclosure may reduce formers, the required effective areas should be at least
the insulation clearances to an unsafe levei, one square foot each of inlet and outlet per 100 KVA

As an added safety precaution. thought should be of rated transformer capacity, after deduction of the

given to the possibility of personnel inserting rods, area occupied by screen, gratings, or louvers.

wire. etc. through the ventilation openings of the Ventilated open wound dry type transformers should
enclosure and thus. coming into contact with live be installed in locations free from unusual dust or
parts Transformer ventilation openings are designed chemical fumes. Transformers should be located at
in accordance with NEMA standards which require least 12 inches away from walls and other obstructions
that a '/," diameter rcd cannot be inserted through the that might prevent free circulation of air through and
ventilation openings. around each unit, unless the unit is designed for wall

The installation will be simplified if an outline drawing mounting and installed per factory recommendations.

is requested. By studying the overall, r, -1ting, and The distance between adjacent transformers should be

terminal dimensions, it is possible to p .ne not less than this value. Also, accessibility for

installation wiln an orderly arrangement if maintenance should be taken into account before

connections locating the transformer If the transformer is to be

located near combustible materials, the minimum
Core and coil units (without case) usually have separations established by the National Electrical
mounting and terminal dimensions to suit the cus- Code should be maintained.

tomer's enclosure That enclosure should 7ive pro-
tection to the coils and have adequate clej-ances and The transformer case designed to prevent the
sufficient ventilation openings The manuacturer entrance of most smi ;nimals and foreign objects.

Should always be consulted to determine tnese re- Howeve- some locations, it may be necessary to

quirements give conr .eration to aoditonal protection.

Ventilated dry type transformers can be designed for
installation indoors or outdOors They will coerate Sound Level

successfully wrnere the humidity is high, bLt under this
condition it ma', be necessary to take precautions to ton onsitransor ifonoise is a tor inits ba-

1wee lh rr Cy i Ine ar snu do n fo exencicl or) o' an\., transformer if noise is a factor in its loca-
tion and operation Many locations can result in an

periods For locations where severe atmospheric amplification of the sound level. For example, if the
concttions prevail. National Industris Vacuum Cast transformer is installed r, a quiet hallway, a definite

Coil transformers are recommended hum will be noticed If the unit is instalied in a location

it shares with other equipment such as motors, pumps

Locations where there is dripping water ShOuld be or compressors, the transformer hum will probably go

avoided. If this is not possible, suitable protection unnoticed
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Transformers Ventilated Dry

snoulc De checKed fct proper use of hardware I e

Installation Belleville washers or- aluminum terminals, proper

Sound Level (Cont,nued; clearances and proper torque)

Tne transformer is designec to produce a minimum

sounc leve; when the lollowino directions are followed Check again to insure that all low voltage and high

A Connections to pr'rr.ay and secondary terminals voltage connections correspond tO the connection

made wittr flexible connectors diagram

B Al! transi, bOýts and shipping braces removed so unit
wii float on rubber isolation pads. tnese Dolts and Grounding
parts are painted red for easy identification

C Al! enclosure hardware tightened so panels do notv rgraee The case and core and coil assembly of these trans-
formers should be permanently and adequately
grounded.

Inspection
Once the transformer has been located at its Grounding is necessary to remove static charges triat

permanent site a thorough final inspection should be accumulate It is also needed as a protection should the

mace before any necessary assembly is accomplisned transformer windings accidently come in contact with the

and the unit is energized core or enclosure Be sure that the flexible grounding
jumper between the core and coil assembly and case is

Careful examination should be made to ensure that all intact, or that the core and coil assembly is directly
external electrical connections have been made grounded from the core clamp through a flexible lead.
properly and that the correct ratio exists between low Insure that grounding or bonding meets N.E.C and local
vo!tage and high voltage windings To test this. apply codes.
a low voltage (240V or 480V) to !he high voltage
winding and measure the Output at the low voltage To insure a solid core ground, transformers have a

wir.ding copper strap embedded in the core laminations and
securely connected to the core clamp.

All control circuits. if any. should be checked for
operationaf ability Furthermore. they Should be able Connections

tc withstand a 1200 volt applied insulation test for one
minute of the transformer has current transformer Make only those connections specified by the name-

circuits, they should be s,."ted). plate or connection diagram. check all tap jumpers for

Tne operation of fans. motors, thermal relays, and proper location and tightness, and re-tighten all
aluminum cable retaining screws after the first 30 daysother auxiliary devices ShOuld be checked Fan o evc

rotal,on should be visually vcrified as well as by
cheCk in any indicator hghts (Reference Fan Control
Operation T his transformer has been designed and built to

As orescroed by NEMA standards, trans- provide proper electrical connections using either
,omers are s.ipped w..ttn oth hign and low copper or aluminum connecting cable A protective
volt'ale winis connected for thieir hignest piatgin or compound which prevents surface oxida-

Oare voltcief !xconectednsformheirs hignest tion of the terminals was applied at the factory This
araec voltage !exdept transtormers which

have taos above the rated voltage in which coating should not be removed from tap or line term-

case rhe.i wil. be shipped connected for ,nals I in the case o' protective compounds it

*'c sTne (nterra/ connecri-s be:rmes necessarv to re-apply it, clean all contact
surlaces of Oxide and re-coat with a good qJality com-_.•c ,•/Ce cl•e,-(ec wt,-7 ,re Ciagcram or, ine

"-a-eolale rc make sure wt me cor- pound. following the manufacturer s instructions

eC.',O5 are correct The :ac set.'nc shouic V, Many Kinds are commercially available Some of them
arp •-enetrox A. Alnox-UG. and Thomas & Belts 1059a*'5- clE se'C noi ,,;e orooer vclra/i . ac \WNen re-coating wipe off any excessive compound.- a' -eo s t. nc is t,,c _sz:-e fO" alh cc,,S

Depondinq upon KVA rating, this transformer may
A' winC.nC s hOuld be checked for contir~u'ty It •have flexible leads wit, bolted type wire terminals.
,ecommenoec t*,a' a megge, test be perior-ed t;o Cu Al lug connectors or simply termination pads for
nai,.e certain that no windrnncs are groundecd wlicr, are mounting of your own crimp type or lug type termi-

ro! nte-Ced to be groundec nations The tables below show typical torque values

See "Testing" for additional tests Snipping braces for installing bolted wire connectors and cables in lug

Sn'OilC be removed if oresent A!l cabie connectlo-s type connectors Check specific recommendations of
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Grounding case less than 2 megohms total may be a satisfactory
Connections (Continued) value of insulation resistan':e for the application of the

high-potential test

In addition to the insulation resistance and high-
connector or lug manufacturer, potential dielectric tests. !he following tests may be

made if desired.
Bolted Wire Connectors Lug Type Connectors A Ratio tests for the full windings and all tap positions

B Resistance measurements of windingsTorque Wire Size Torque
Boll Size Inch Pounds (Average) Inch Pounds C Polarity or phase relation

.- 20 70 a 14to No 705 16-18 120 s6 t a4 100 It is preferable that these tests. if planned be maoe
1, 16 225 X3 to X1 120 before applying the dielectric tests

-13 480 1'0 to 2'0 150
3 0 to 2o00MCM 210
250 to 400 MCM 260 Operation
500 to 750 MCM 300

Placing in Service

Note: Tighten. wait several seconds, then re-tighten all A"er following the precedino instructions. the trans-
connecting lugs and bolts. former may be energized It is recommended that the

unit first be energized at no load if possible, then fill
load may be applied

Where cable terminations are supplied by the user. it
is recommended that commercially available, properly
sized. UL listed screw type or crimp type connectors Po-allel Operation
be used These terminations should be attached to the Wnen operating transformers in parallel, their rated
cables as specified by the termination or cable manu- voltages, impedances. and turn ratios ideally should
facturer Terminations are readily available from be the same Their phasor relationships must b- ,den-
wholesale electrical distributors. tical. If these parameters are different, circulating

current will exist in the circuit loop between these
Secure each terminal lug to its proper termination bus units. The difference in imredance should in no case
bar. Torque all bolts as shown in the bolted wire exceed 100/c. The greater the differences in these
connector chart above Do not install washers between parameters the larger the magnitude of the circulating
the terminal lugs and the termination bus bar as this current. When specifying a transformer to be operated
will cause heating and arcing in that area, resulting in in parallel with existing units. a&l of these parameters
connector failure. should be noted.

Testing

Tests may be made before placing a transformer in Loading
service to determine that it is in satisfactory operating The maximum eontinuous load a transformer may
condition and to obtain data for future comparisons supply is indicated on the nameplate However. many
A Insulation resistance specially designed units have specific load capabilities
B Dielectric tests in the field in accordance with ANSI designed into them. If there is any question
C57 129gi. concerning the load capability of the unit. the factory

Should be consulted. Refer to ANSI Standard C57 96The insulation resistance test aids in determining the Guide for Loading Dry-Type Distribution and Power
suitability of the transformer for application of the Transformers for general guidelines
high-ootential test and yields useful data for future
comparative purposes Insulation resistance tests
shou:ý be made before applying the hign-potential Minimum electrical clearances in the installation of
test Variable factors affecting the construction and lugs and cables must be per N E C All electncal
use of dry-type transformers make it difficult to set clearances that are questionable must be insulated
limits for this test Experience indicates that 2
megohms (one minute reading at approximately 25-C) Overload protection for primary and secondary circuits
per 1.000 volts of nameplate voltage rating. but in no is covered by the National Electrical Code.
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Operation hia-dling nuts. bolts and washers to prevent c-,ccin

Shipping Supports them into the coils)

A Tighten lower lacking nut whiie holding jacdknfg bol:

After the trans 4omer has bee, 2oaced in its permanent until coil block can no longer be moved ný hand

jocation the heid-down bolts securing the core and B Tighten lower lacking nut an additional * turn

co!; assembly to the base or case must be removed C Apply air dry varnish to nut and bolt assembly
Removinc Iese bolts releases th~e sound isola*on D Repeat as required on other jackscrew assemblies

pazs fo° maximum elfectiveness Also remove any

shippgnc braces and lifting devices on the core and

coil or the enclosure For easv icentificatior all of Determining Dryness
these removabe parts will be painted a different color The measurement of insulation resistance is of value

from the remaining assembly parts (usually red) in determining the status of drying Measurements

Should it ever be necessary to move the transformer. should be taken before starting the drying process and

a, two-hour intervals during drying The initial value, if
taken at ordinary temperatures. may be high even

Maintenance though the insulation may no: be dry Because

insulation resistance varies inversely with temperatureWarning: Dc-energize transformer before any inspection tetasomrtmeauesol ekp
or mantennce!the transformer temperature should be kept

or maintenance! approximately constant during the drying period to

Periodic Inspection obtain comparative readings As the transformer is

Like other electrical equipment all transformers heated, Me presence of moisture will be evident by the

require maintenance from time to time to assure rapid drop in resistance measurement. Following this

successful operation Inspectorn should be made at period, the insulation resistance will generally increase

regular intervals and corrective measures taken when gradually until near the end of the drying period when

necessary to assure the most satisfactory services it will increase more rapidly Sometimes it will rise and

from this equipment tali through a short range before steadying, because
moisture in the interior of the insulation is workmng Out

Operating conditions determine the frequency at through the initially-dried portions A curve, with time
,wnicrr tnese transformers Should be inspected For as abscissa and resistance as ordinate. sh•oula be

ciean.drv locations. an annual inspection ma• be plotted, and the run should be continued unti'

sufficient However. to, other locations such as may resistance levels of' and remains relatively constant

be encountered where the air is contaminated with between three and four hours.
dust or chemical fumes, more frequent inspections
may be required Usually after the first few inspection Caution: Insulation resistance measurements should

periods, a de'imte schedule can be established be taken from each winding to ground, wift' all

With" the trans'o-mer de-enercizec enclosure panels g grounded except the one being tesled

snoulc Ce removed Inspection should be made for Before taking insulation resistance measurements the

d0-t esoeciall,\ accumu:ations on insulating surfaces winoing should be short-circuited and gfounoec to" at

whie~e such accumulations could restrict air flow least one minute to drain off any static charge

Inspect ion should also be made for loose connections All readings Should be for the same time c aphcatio-
fOr the condition of terminal boa.is. and for the of the test voltage. preferably one minute

gee-aý corc', ton o' ne t-ansformer

Ocse--ators should be mace for sgons of overneating
ano o' voltace creepaze Over rsulating su!'aces as methods of Drying

evioencec Z., tracir..c o ca-ton zatior. General

Evience o' ruslnz ccosior, z -eteriora:ion o the As long as the transformer remains enerpizad

ca;-t snoudC De Iooec tlo anc ective measures humidity conditions are of no importance However f

snciZ; ne :a~en wnee -ocessa', Furthermore fans a _ry-type transforme- is de-enercized and allowed to

r"cto-s and .- :le, a.jxi.- coevoes shou;d C e cool to ambient temoeraturecconsiOeration must be

,spe:te: anr servicec during inspectlion periods g:ven to the possible effects of humidit'

;' the shutdOwr period occurs curtnO low humiCity
Jackscrew Assembly Adjustments co'3dtons. no special p'ecau',ons ShOuld be reauec

heck fo" loose ,acks:,ew asse-nies by attem,'1gn to Pefore energizing the unit But experience indicates

"mov.e the co,' noc, frcm side Ic side It they move, that if a shutdown exceeding 24 hours occu's dun
-,c ,e, Ile jackszrew assemby!, f 1owir t'e Ou,, ne a pe'iod O4 high humiity. particular!, i' atmoso.erc

p-ocedjre iCaution sýhoulC be o. served when conditions are such that they cause corndensatior to
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Maintenance Drying by Internal Heat

Tns methoo iS relatively slow and should be used
Methods of Drying (Co'n nuec) onl, when the other two methocs are unavailable

appear within the housing o' tne transformer, then The transformer should be locate- to allow free Cir-
:)recautions must be taken Small -5"i, heaters ma' be culation of air through the coils from the bottom to !he

-iaced in the bOttOm of mhe unit shctl' after shu!- top of the case One winci~ng ShOuld be short-cir-

,owr to maintain me temperature of the transformer a cuiled. and sufficient voltage at normal frequency
few degrees above that a' the outside air I' such a Should be applied to the other wincling to circula'e

n'recaution is not taKen the transformer should be approximately normal current

ýnspectecl for evidence of moisture and the insulation
resistance should be checked If moisture is present or It is recommended that the winding temperature not

.; the insulation resistance is Io,. the transformer be allowed to exceed 100 C. as measured by rests-

should be dried out by one O' the methods aescribed tance, or by thermometers placed ir, the ducts be-

tween the windings The thermometers used should be
Drying of Core and Coil Assembly the spirit type. mercujry thermometers give error.eous

Vhern :t is necessarý to dcy out a transformer before readings due to the generation of heat in the mercL:'y

Installation or after an) extenaed shu:tdown under resulting from incluced edcly currents The end

re;ativeiy high humidity clcri: ons one of the following terminals of the windincs (and no' the taps) must th

methods may be used used in order to circulate current through the entire

A External heat wincing Proper procauAions should be taken to

B Internal heat protect the operator fLom dangerous voltage.

C External and Internal neat

Before applying any of these methods. free moistsre Drying by External and Internal Heat

snoulc be biowr o' wipec Of' of the wlndJngs to Th7s is a combination of tne two methods oreviyusi.

reduce the time of the drvyh pe';oc described and is. by far. tne Cu:ckest method (l'ie

transformer core an:ý Coil assenbi' shoull be kept ir its

Drying by External Heat own case when suitable. ancd exterai neat apoliec as

nescrioed :n the firs: met'nod ) as current s circulated
External heat ma., re a2ied to tne tra-.s'o,'me, n throuan me w.nincs ýas desc,:t,,._ nr mhe seccnc

cn) 0' the follOv.inc metirc:s metnodi The current requi:ec wi. be consideraoly

A B,' dcrectl.ng heated air into Ine bottom air inlets of the less than when no external heatins is used bu* shcud

transformer case be suficient to produce the clesirec tempera:ture of the

B By clacnc the core and coil assembly in a suitablv wiciings It is recommended t:at the temperature

ventilated oven at*ained not exceed those stated in the toregonq

paragracpis

i is importan!t that most o' the neated air passes Removal from Service

t'rouc, toe wihnc:rc cucts a.c not, around tne sides 1 a unit is to be off more than 24 hours. provisor's

Good ventilation is essential to prevent condensation shouic be mace to prevent the core and coils from

from taKinc place within tne transformer or inside the taKing on moisture Refer to *Storage "

case A sufficient cuantity of air should be used' to 1 ! unit is be moved i! will be necessary to replace
-,sure aDý-ox1-ate',, ecluaT inlet aic out;,Ile the core and coil hold-down bolts and any, Shipping

tempe-atures braces that might protect Ime assembl. during

Wher, usinc the firs" e•xternal heat••c metnod heat movement

"-ay be optaine:- b. tne use c' resis:ance Orids or Cleaning

space heaters These ma. be Iccate lnsce tme case If excessive accumulations of dirt a'e found on the

o" may be Placed outsoe an-- !re rneat :low, into the transformer windings or nsuiators when tne trans-
:ottorr of te case Tne core and ccI assembly should former is insoectecl the airt ShOuld be ,emove-ý to
,e carefully protected az,. . 7t raiatlion from the eculation of air and tC guard agansi tne
eatesermitree 

c,

possibility of osulaton breakdowns Particular atten-
is recommendez mat the a-" temperature not exceed tion should b. -iven to cit- - inc the too and bottom

'10 C ends of the w dinags assemblies and to cleaning out

the ventilating ducts

The windings -- ay be cleaned with a vacuum cleaner.

a blower, or witn compressed air The use of a vacuum
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Maintenance
Methods of Drying (Con!nued)

cleaner is preferrec as the fis, step ir cleaninc
followec by tMe use of compressec air or nitrogen The
compressed air Or itrcoenr snoulc be clean and dry
ano shojil be applied a: a relatively low pressure (not
over 25 pounds per square inc lr) Lead supports.
terminal boards. bushrmcs anc other major insulation
surfaces sn.oulc be brusned or wiped w;tr. a dry cloth.
The use of liQui• cleaners is discouragec as some of
them have a solvent or aete'iorating elfect on
insulating materials

Renewal Parts
Shoulc a transforme, be lamacec and new parts
needed, write to Nationa1 lncý,stri giving full
nameplate information Be sure to inciude the serial
number and a description O! the part desired If the
proper name o' the part is in dOubt. a simple sketch or
photograph will expedite prompt shipment to you.
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Trouble Shooting

Transformer failure may occur in either the electric.
magnetic or dielectric circuit

Symptom Cause
Electric Circuit

Overneating ......................... Continuous overload - wrong external connections - poor ventilation -
high surrounding air temperature. (Rating is based on 30 Degree C average

temperature over 24-hour period with peaks not to exceed 40 Degree C.)

Reduced c- Zero Voltage ........... Shorted turns - loose primary tap connections

Excess Secondary Voltage ........... Innut voltage high - improper primary tap connections

High Conductor Loss ................ Overload - tap connections not on identical tap positions

Coil Distortion ...................... Coils short circuited

Insulation Failure .................... Continuous overloads - dirt accumulations on coils - mechanical damage
in handling - lightning surge

Breakers or Fuses Opening .......... Short Circuit - overload.

Excessive Cable Heating ............. Improper bolted connection.

High Voltage to Ground ............. Usually a static charge condition.
(using rectifier or VTVM meter)

Magnetic Circuit

Vibration and Noise ............... Low frequency - high input voltage - core clamps loosened in shipment or
handling - improper primary tap connection.

Overheating ......................... High input voltage.

High Exciting Current ............... Low frequency - high input voltage - shorted turns.

High Core Loss ..................... Low frequency - high input voltage.

Insulation Failure ................. Very high core temperature due to high input voltage or low frequency.

Dielectric Circuit

Sm oke .............................. Insulation failure.

Burned Insulation ................... Lightning surge - switching or line disturbance - broken bushings. taps, or
arrestors - excess dirt or dust on coils.

Overheating ..................... Clogged air ducts or inadequate ventilation.

Breakers or Fuse Open .............. Insulation failure.

If any of the above symptoms are noticed, the trans- the core and coil may have to be disassembled for a

former should be removed from service at once. complete inspection Removal of the coils from the

Immediate attention to the problem may save a large core is a factory or service shop operation. As this will

repair bill In many instances, the trouble can be found mean replacing many insulation parts when

quickly and the unit returned to service. reassembling, it is advised that the trouble be reported
to the nearest National Industri representative, before

If the trouble cannot be definitely corrected, no further a nyadi s tlNg t a l Factr y ad v e ma fa ai

use should be made of the transformer until the cause a ling. dvice the
has een oundsave a large repair bill. When writing, describe the

has been found nature of :he trouble, the extent and character of the

It may be necessary to remove the core and coils for a damage, and list all nameplate information.

closer examination. If no apparent fault can be found
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Transformers Forced Air
Cooling System

c,-iwe' is ~c ne su,,n'ed by ine lactcrs tne custc-ner s
Ventilated Dry and o'ae- s'cwlz ve wvr,.:en e c 1503 2000 AA FA Option

Cast Coil Transformers C VFcicez Air Cooling with control power
3, Coil sensing is available as a separate package

Application Data cos: la:tory

The orco a- ccin s.stor iscesnedto-~ ~Future Addition of Forced Air Equipment

a.' coound is, ap':e oni trans',c),r~ne-oms 300 :e - 3750 air equ;Lmeni may be added in. 1,he field to
Ka, coolingpis an additeon Iarist-1 r 302 -t o 3eloa Tra-s',ormers that were eq .uipped Inv the factory with
cVapaity t-op ament a'raticng, Cl2Lonsl aovrylord F-,,- Forced Air or Provision Fo- Future Forced Air
overload cacantilites above 3750 KVA and special Co~(pinAadB otuista eur h
applications no! mentioneic abov.e adction of. a fan cooling svstem can be readily

modified in the field Some of the units which have
Description beer) in service for longer periods of time may require

a miore extensive Conversion process W~hen ordering
Nanona; lndustr, Transformers Inc ofters 3 options in eaj~oment for completion of forced air z-oolingr the
forcec air cool~nc eciipment The 3 basic ci;ý!ons serial nmber of the unit on which tans are being
include the followincd equipment added must, be supplied with tine order
Option A - Future Forced Air Cooling

1 Insulated tube well in lovi voltage winding for National Indlustri reserves the right to alter any of the
future addition of temperature sensing device equipmen, described in this information

2 Properly s:zed bus for increased capacity of
transformer Forced Air Cooling Equipment

3 A Control box wi~th a hinged blank dcor

Option B - Provision For Future Forced Air Coaling (1 No of ( 2) Fan Blade
4 All items described under Option, A KiA i Motors Diameter
5 A hinged door with dia! type temperature _____-___ 1_______

indicator A it- 2 SPD)T adjustable a~a-m 3C67
corilacts anc a m-aximumrr temperature 05C68
indicating pointer with reset 50l-750 6 9

Option C - Complete Forced Air Cooling 7-i -250 6 lol
E Far mounting brackets for maximum cooling 12S1-2000 12 9

efficiency 20Ci-3000 1.2 10.
7 All litemis described under Option B Above 3300 (3) (3)
E Autorat:c conzr-o caie, eau po0e:: V":?'i________ ______

iincca:inc icidts and ala-r be' Table I
9 P-a- mot.-s andc blades

10 120 vAC powe, source supL,);!er it, sp-ezie.d a*. Notes:

I~me c!criceer~ry 1 F an motors are 1550 RPMl 120 Vol,, 0 7 Amp. 1 83
Ordering Information H- P eacr

oc-ce- ~ ~ ~ ~ ~ ~ Z F-e o ceupe e: o n an~ niades ar-c uncoated: a:,jrTinumr
:0ýe lo Ve: a c~ , cCZ !- an:ec rc -s Ia n Cc-sw:* facto',

seiector' 0o- c-ce'

Control Power
Contrao CDowe' sn)c.1:- S....:ec nd cj c~iste, t"cd
a-,. a.alap,( e 4,Z ",FCs-:,~ arrc.-,n c' pc'.e,
reaj.irec to- onerai,o- 0' *ne Far zcooirnz Sst-,erm ",
\varý witn sizE- c' :-a-slo-me, beic scp.CGene-a
reouirement.s to' Translom-ers utc to K3032 KVf
fambien! a-, rating 150C ~VA Consul:, facto,ý to-
la-oe- transto.-ers I' 120 VAC control Pýowe, is nO'.
available conr'toi power may be turn~srec b, tc r
t-omr the secc.-ca-\ ol tne mnain. tran~stcrne'
specifiec a, time- a' order en),ry In) cases wiere contal



Transformers Forced Air
Cooling System

Ventilated Dry and Proper air clearances must be maintained from any
Cast Coil Transformers transformer live part to capillary tubing and

temperature indicator General guidelines for such
Thermostat clearances are: up to 5 KV - 2½,ý". up to 15 KV - 6".

Tne CjntrOl circuit elements ace actuated oy tnermo- Replace hinged blank door over cutout in transformer
meter contacts in the Qualitrol model 104-075-0! enclosure with temperature indicator panel with

temperature indicator assembly indicator and terminai block attached. Indicator

Tne thermostat is of the bourdlon-tube type and is contacts are available on this terminal block for
connection to remote devices, see Fig. 1.

connected with cap:llary tubing to a bulb installed

directly in the air duct of the center transformer coii Field Conversion from Option B - Future Forced Air
where it transmits the winding hot-spot temperature Cooling to Option C - Complete Forced Air Cooling

Forced Air Cooling Equipment Contact Settings Fan mounting bracKets. if not already installed. should
be mounted as per Fig 6 Use existing Dolts in bottom
flange of bottom transformer clamping channel if

Contact's 111 (2) 13 available and if in appropriate position. Otherwise
220-C 185CC 150•C weld brackets to the or:tom flange
Max Max Max Remove hinged idicator panel from cutout in

Recoi- Total Total Total
Contact mendec Dead Temp Temp ITemn transformer enclosure and replace with FAC contr(.,

Position Circuits Ban,. erature erature erature panel Connect contact wires to terminal block on rear
of control panel per terminal numbers as shown on

7 Let Fan 17 .°C 180CC 1452C 11 0cC Fig 7.
Controi Fan motors should be mounted on the mounting

T Center Alarm 50 0C I10 C 175CC 140c C brackets using lock washers on all screws Fan blades
-. Pnt Auxiliar"y 5'C 20C 185CC 150'C and rubber sound 'vibration reducing washer should

be installer" locating pins, and secured with lock

Table 2 washer ant

Wire six farn otors in parallel and connect to terminal

(1 Standard settings for conventional Open-Wound points 1 and 2 on terminal block on rear of FAC
1) ransfrmergForc oonalysemWUnd contro' panel If 12 mctors are required, wire the

remaining six motors in parallel and connect to points
on 80'C. 100'C. 115'C. and 150'C Rise 3 and 4. Connect 120 VAC to terminal points 11 and
Transformers unless specified otherwise 12 on same terminal hlock

.2) Standard settings for Cast-Coil Transformer
Forced Air Cooling System Used on 80' C.
100 C, and 115 0 C Rise Transformers unless
specified otherwise.

(31 Optional Settings for Cast-Coil and Open-Wound
Transformers Forced Air Cooling System Used
when 80'C is to be maintained at Forced Air

Cooling Rating

Field Conversion from Option A - Provisions for
Forced Air Cooling to Option B - Future Forced Air

Cooling.

A tube-well in the center Coil of the transformer will
normally be provided for most installations If no tube-
well exists in older units, consult factory for details

The temperature sensing bult of the temperature
indicator should be fully tnsertec into the tube-
well as shown on Fig 4
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Transformers Forced Air
Cooling System

Ventilated Dry and
Cast Coil Transformers
If OPT -s requjred, monct uni anc luses ;n a suitanie Foc ciciat un-.:s see separate instruction manual
location anc con)ne.- as 2e '-ic 9
Proper air clearances ius,, ne -ain~alneO, netween all
,ransocrmer iiE p: anc f3n motors. nlaoes and ail
contro! wirnnQ

Temperatue Indicator Contact Wiring

RED

T' ;ý::ZI T -- Tne temocerature irdlicalor !S eauipý,ed with 2-SPOT contacts, each

jjC ecK mncepencently z:j.,s:aoie over a troiac !emperatiure rarmce

BLUE 2 Contact Rating 10 Amp Co 125 250 VAC
BLUE.5 Amp Ca 125ý VOC (Non-inductive)

T2 0RýMGE . 25 Amp C:250 VD)C (Non-inductive)
___3 Contac-ts are wired ic' control e:emenis in FAC :oane' in QO.tion C. or to

-=2EEN c.ustomer terminP.on points for connection *to remote devices in Opton

-L'W 7 otc e nsaenrmafly factor\ prese:. For possinie fieic aolusl-
T3 E ýL 0 Wments rete, I,, Tatl!c 2

BRoWN

Fig. 1

C -30



Transformers Forced Air

Cooling System

Dry and Cast Coil Transformers

11 Temperature Indicator

13 1. Black temperature indicating pointer.

2. Red maximum temperature pointer.

3. Maximum temperature pointer reset button.

4. Removable bezel ring for access to contact settings.

5. Three adjustable contacts for connection to remote

controls and alarm.

6. Temperature sensing bulb.

0 250 7. Contact leads.

Temperature 
0 C

03

6

7(3
Fig. 2

2,,', Field Installation of Temperature indicator

1. When indicator is supplied for fit i installation in an
enclosure which does not have provision for mounting

00 of device, the cutout and drilling shown at left will be
required.

,., 2. Cutout should be made in non-removable panel.

3. Mount indicator with flange inside of panel.

4. Cutout should be in a location that provides adequate
clearance to transformer live parts. Indicator extends
3Y1" inside of panel.

\ 3. 16" Da. Hole (4 Req'd6"DaHl

Fig. 3
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Transf ormers Forced Air
Cooling System

Dry and Cast Coil Transf ormers

A'Mo, o-e

Ca~v'larý Tubt-

Colla --- enasControl Panel

Fig. 4Fan Mo-,or VOprIng

No!- i,-a :a'- s.~c t
- :,a aao~a, cpea'dnce ic, iye odý s mam:aine fo' -nd-ca"Or

;7t ._CS Z -C IC j%,S-ý Cb ) ,!r ý om Ie snla'c DenJs In CaOdlarv Tube Co, e-e
VC71('30, J's uo anC s,.mooT to ,,e~e'7 Oa~aoe r tub~e

3 roi,- 13' -C-3 ,~ n to Ma'ntan aaeu-ii, :c ea~anct ,o Ira-0orme' Lhve Darts
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Transformers Forced A;r
Cooling System

Dry and Cast Coil Transformers

•••eAX POINTER

0.@RESET

POWER FANS ALARM

ON

(a i1 2 3 4 5 6 7 8 9 10 11 12]
OFF LFANI IFAN NC O I

TRI P I

POWER INAI ,CSGL 0
O FUSE AUTO 0 120 V

FANS ALARM ' ___

OPel le- 0 ! G 1 el elC 1, C)l 1 022 00o
1 2 3'4 5m6'7Y89 !1'10 '11'12"

".29 WD L•JG-MAX. (6 SCREW)

Fig. 5
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Transf ormers Forced Air
Cooling System

Dry and Cast Coil Transf ormers

I J Transformer1 1 I Coil
Air D~uc,,s I

Nut

LoCkwasher

Fan B:ade/

Ruooer Resiten: Flate Washedrt
Mounting Was-ef Transformer

LocatigPinC ore

Far Motor ;'-s:pi'eC
USrnQ ..ozkwas~ers
anc Screws-

Far B~ni raCKe:
tv~cIcec o, 5citec /

II

7ranslo~rner M.ounting Foot

Transformer O-;arping Channel

Fig. 6
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Transf ormers Forced Air
Cooling System

Dry and Cast Coil Transformers

SILENCE

TET R22THERMO. - (into FA C tbox)

LHEAT SENSING BULB
AUTO (to center coil of tronsformer)

R1R

MAON

THERM POWERSW AN

SW-3 5W3

NC. C No FUSE

2 3 4 5 5 7 8 i12

FANT FAN [AARMJ TRIP GRND PP0V
2

Fig. 7
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Transformers Forced Air

Cooling System

Dry and Cast Coil Transformers

FAC Instructions

Sj,,)plv of 120 volts - 60 Hiz or 100 volts - 50 Hz to local annunciator, and the remote "ALARM"

po.nts 11 an 1,2 of control panel contacts on the rear terminal board The local

annunciator and the remote "ALARM" contacts

2 Panel is de-energized witr main switch in OFF may be de-energized by momentarily moving the

position "ALARM switch to "SILENCE position, while
overload condition is being adjusted. The red

3 Wit circuit breakers i ' ON position the green "ALARM" light will remain lighted until

POWER pio: lignt indcicates that panel is temperature falls 5-10CC below T2 contact

enero;zed Transformer may be operated at it s saetting The "ALARM circuit also resets itself a:

forced air ratinc onl if this ligh t is on this point

4A Move FANS switch tc AUTO position This is Move "ALARM" switch to -TEST- position to test

the normal position for operating fan controller operation of the -ALARM light, local
Wnen tne temperature of T1 contact is reacned. annunciator, and remote -ALARM- relay

contact Ti closes the amber FANS light is operation. Tne red "ALARM" liht. local

energized, fan motors operate The fan motors annunciator, and remote "ALARM" relay will all

and the "FANSi hgnt will continue to operate remain actuated as long as the 'ALARM" switch

until the temperature falls 15-20- C below T1 is held in the -TEST- position.
contact setting

7A Auxiliary circuit for remote "ALARM"
4B Move FANS SwrtCh tO MANUAL position connections are provided at points 5 and 6.

This funcitor, by-passes the automatic controls Device should be rated maximum 120 vac, 3

and operates fan coninuously This DOSition amps. Power is provioed from fan control panel
snojid be used only for energency oc:e'ation or

testinc of far motors 76 Auxiliary circuit for remote "TRIP" connections

are provided at points 7. 8 and 9 Device should

5 I' temperature continues to rise above T1 contact not exceed 3 amps 125'250 vac and should

setting and T2 contac: settng is reached, contact include its own source of supply power.

T2 closes energ:zingtne red 'ALARM lignt. the
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Transformers Forced Air

Cooling System

Dry and Cast Coil Transformers

A

Fu ses

H I H, 3 H2 H4..

S~Secondary

SO11

•12

Fig. 8 - I

FAC Terminal Block

Notes 1 Points A and B connected to 240 or 480 volt supp:y

2 Fuses - see table belo.

3 Connect primarv of CPT fo' correct input voltage See CPT nameplate
fOr proper connection

4 Connect secondary of CPT as siown by dotted lines

5 Output of CPT connected to terminal points 11 and 12 of FAC panel
See Fig 7

Main Input Voitage Fuse Size
Transfo -ner to CPT Required

Up to 240V 250V - 9A
3000 KVA 480 V 600V •5A

Above
3000 KVA 480V 600V 9A

Table 3
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TvfvfMffG _______________

Ciamcos S0es 50 XL knoum u to FAIL W~E FEATU RES
provide hot sWNW~puuv m
wremeNt fm, on- comal. vir s Wd Im lofs po, Ajm umtiansn
hVicago. wie ft @M . W* bImcinitw. - Wii Ioss of Iy fwinocl06e Akni MWd
Md V* m~d kma smtdses for Fmn reaystu bann wide the ft aoit dms
*y-tWp Voldarmma. Theme b.lnt- not tun on urida edi of the ab~ove
nmentg mU s me . end reNwmub.'w ido
iae mewmi t.nvarsuir smetl i t twi contd w~tdi Is Inof pUo@m ar N ton
expermaced by do. I. so~darNo coi* 1o09c il khoPaufwtie tht fIV hon
co". we tu n turn.

OPERATION INSTALL.ATION
As the te paue of the taneamir hot * Conpee horucorn we pxinted on toe

sW d~m~e, the ambemn contismue ba ft mffdn ot
circit VvoA4 accnde mcalikx d toie r--e

hig0l tenmeavue which toe 3 lwine- s A&r" ekdIS.I h hmv
couin~s sense. The is Now twff*ei 1201240 VAC ilput pow seeC~OM
used to dtfe the canwa logic. The se pokirt -Psmor
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tie mt. of tie twos md tie ton relay ca"cs h re vml~vq~ 141 is~ a.rlegl
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is red.

CONSTRUCTIONTHERMOCOUPLES
All of the neomemy uOjitry ad relay We

These iletjmwnt L Ty~e OE sndcned. An sm~ixem faew plate wwa tie
tim~ .Type OE itiumou4lae are sm cd W4i m to moand tie

used to rswjc toe ftod~xicb of gram #Wtiuat ~~inen toe &yr" 1 amdWOO eiet
con oca It lwis owolee we ulsd tit motel endosie. All cood~i tmrnS
Cafli flhlylbC flitmeLS T4he W)Oy ports are loatedm an tie bad of tie
ccrnucted Cifm= thamocoae. cm be maumentmi w4oe desly Msled to he*
iirr e into fte 1.2 KY dy-typ cob to red Wrr &zigq Adeimia
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ci @@ Sw~s SonL Ckw came. ti Newc, a
wbwbg qm~w Inhcator & IP.O. BX 246a IMWIST.I ~ dola 1w 3m y-Type Ia IA~mx, PA 1M153

Enduuw I-ý - 4121 52H553

OPERATIONAL CONTROLS

*FAN CONI.TO SWITCH
The ton wcano w~tdh con be in fte automabc, iwnua, c off podiuon. in automatic
tum UM an V4d off at ft p.~mouy seK two on-mr"f tefTfeW be. In toe mmuei
pwbon. two Avbe Tird an at altmes. Int f e owi o
a214bl to tie tone.

*ALARM
The "at canm dwce to locý dwm located on fte tot MW of tie
rarwowen The remote dam cowi w uns wto qie dm cordbn degs The
conlste dali circuit is teated by uwog tie self test teutwe.

*SELF TEST
The wMd teoo teafr. provide toe qxpera w~i fte dIty to too al set pornts
vtiW toe need fer h~on inaumewitson. The pu~h wid hold contof ewgze
tie IM cicl The make ad brý we ponts we d'ieed by dian fte turn to
dwsc cat .1 id coipa ig tie orvof sebon of toe two on, darn, mid I* "~t
vfti tierx~ icaba n tie reesout The tws.loal an md rocmoe dams, and IV Iits
are U.rnd an by ftiselfd tet teatire. The IV relay a not aww ed "li self te&t

The self tea feetre can dso be used to do~g fti seo pornts. Contact ft
lumdmara mawftmctwar bel* a.mptteg to dwmqe S5-p.UftS. The
ast-pantB w efa. lWed to proed tie rwmiaic sywatm as wel a tie deicla

""ow~s~n~

The se0 teoo fear* can Woso be used to teoo tie ea** seericel cwntd adwiem
and tans. The IV dram vi root enagae when uwig tie 9d too 15m..

* MAXIMUM TEMPERATURE MEMORY
The wavmam ---- tw nmamwy w diplayed an tie metw by pros" tIe
push to read coniro. The mammum memary is v aed by prseng tie pus to rmt
conlr . The rnsrnrwm trerjftire memcry a retaned in tie lecrorcs for 30

mo c a iftwepowtotie hument is oat A baety isnot used toreftu
memay.

* THREE THERMOCOUPLE SELECTOR
The doe@ Omemocoqaple siellcor teatnr operat autwoey to sedW tie
hoO watpes to be used in tie conrol lopc. To reed tie tempastre of tie o1U
phae. peom tIe cawe~xig carid button. Tkre Ibits ~idcat whiid plane
is toe NIam and is beang used in toe cwont boc.

* FUSE
The "~'f moun~ted towe a bresa in to proed tie twa The hwument is rim fused
in ard. to prwlde mewdmum protemo tar vie tonea-mr.



C11M e"05 00L Cowm i ri ca. Inc.
Wl - h- gTowpio" ~k~wP.O0. lOX 2486611 MU41 ST.

&g.uaw coie o r~"Wodidddes, PA 16151
T, Cmontl " ~ y a(412) 52H556

FEATURES
OPERATING INSTRUCTIONS

*SELF-TEST *SINGLE FUNCTION CONTROLS - - ALL OF
"* ALL ON-OFF SET-POINTS CAN BE THE FRONT PANEL CONTROLS PERFORM

CHECKED BY USING FRONT PANEL ONE FUNCTION ONLY.
CONTROLS. - INSTRUCT`IONS FOR EACH CONTROL ARE

"* ALL Oý SET-POINTS CAN BE CHANGED PRINTED ON THE FRONT PANEL NEXT TO
USING THE FRONT PANEL CONTROLS TH CONTfROL
AND THE SCREW DRIVER - EXPERIENCED CONTROL ROOM
ADJUSTMENTS. (DEAD BAND IS FIXED) OPERATORS USUALLY DO NOT REQUIRE

"* MAXIMUM MEMORY IS NOT AFFECTED ANY TRAINING TO OPERATE THIS
BY SELF-TEST INSTRUMENT.

"* EXTERNAL TRIP CIRCUIT IS NOT
AFFECTED OPERATING INSTRUCTIONS FOR

"* LOCAL ALARM CAN BE TESTE) MA)OMUM TEMPERATURE MEMORY
"* FANS AND REMOTE ALARM CAN BE *AT START-UP

TESTED PES'UHT E~"* FWS ON, ALARM, AND TRIP UIGHTS *PRESS 'PUSH TO READ F EETI
CAN BE TESTED DESPRESSPD ORST FRSTI

*FAIL-SAFE DESRMAOERAI
"* FOR ANY OPEN THERMOCOUPLE PRS PS*ORArT EEMN

"* METER WILL READ FULL SCALRES PAA USHTMEDT EEMN
"* MAXIMUM MEMORY READS FULL TMEAUESNELS EE

SCALE TREMSPERATURESINE LATO CERES HET
"* FAN. ALARM. AND TRIP UIGHTS TURN * PRSS USH TOM A )REST TOALUEA THE

ON MEXMUMTMPRRYR ALEI"* ALARM RELAYS OPERATE MMR
"* LOCAL SONIC ALARM OPERATES OPERATING INSTRUCTIONS
- TRIP RELAY DOES NOT OPERATEFOSE-TTFAUR

*FOR LOSS OF POWER TO INSTRUMENTFOSE-TTFAUR
"* ALL UIGHTS TURN OFF - SET FAN MODE CONTROL TO AUTOMATIC
"* ALARM RELAYS TURN ON - RC .ATE SELF-TEST CONTROL
"* MAXIMUM TEMPERATURE IS STORED COUNTER-CLOCK WISE
"* RETAINED AT LEA- - ý0OR 30 DAYS - PRESS "PUSH AND HOLD' SWITCH
"* NO LOSS OF ACCU -- CY - SLOWLY ROTATE SELF-TEST CONTROL
"* NO BATTERY POWER CLOCK WISE

*INSTALLATION INSTRUCTIONS * RECORDOTHE TEMPERATURE INDICAWIN
. COMPLETE INSTRUCTIONS ON BACK ON THE METER AS EACH OF THE CONT?4

PLATE LIGHTS TURNS ON.
* TERMINALS CLEARLY MARKCED - SLOWLY ROTATE THE SELF-TEST
- FUNCTIONAL DESCRIPTIION INCLUDED CONTROL COUNTER CLOCKWISE. (OK TC
- THERMOCOUPLE CONNECTING SILENCE ALARM DURING CHECK)

INSTRUCTIONS -RECORD THE TEMPERATURE INDICATION
s 120/ 240 VAC INPUJT SELECTION C-41 ON THE METER AS EACH OF THE CONTRC
* 30 AMPS OF FAN POWER UIGHTS TURNS OFF
* TWO SETS OF FAN POWER TERMINALS AUGUST1i9e



Seri" 58O(L Cs stomhSTu•/uo IitaorP.o0.eo~ •X 24,14MWST.I Whodg T.mpar.PA Ills$
& Contoale tin IDrTYP* 42 5"5
TruluromI

GENERAL SPECIFICATIONS

FEATURE STANDARD OPTIONAL
SCALE RANGE 0-2WC
SCALE TYPE DIGITAL
ACCURACY 1% OF FULL SCALE
CURRENT LOOP 4-20 MILLI AMP
SET POINT RANGE FULL SCALE

DEAD BAND
FANS 25'C IO'Cc60'C
ALARM AND TRIP 5FC ý5'Cc0'C

FAN CONTROL AUTO-OFF-MANUAL AUTO-MANUAL
FAN RELAY RATINGS

FANS I (SPST) I HPAT 120VAC
1-1/2 HP AT 240 VAC

FANS 2 (SPST) 1 HP AT 120 VAC
1-1/2 HP AT 240 VAC

ALARM AND TRIP I0 AMPS AT 120 VAC
RELAY RATING a AMPS AT 240 VAC

AT PF -1.0
1.5 AMPS AT 125 VDC
0.7 AMPS AT 240 VDC

THERMOCOUPLE TYPE'Ew
3 REQUIRED

SUPPLY POWER 120 OR 240 VAC
MAXI MUM LOAD 30 AMPS
PROTECTION 20 AMP FUSE SINGLE POLE BREAKER

ON FAN CIRCUIT

SONIC ALARM FRONT PANEL MOUNT

90tdb- INTERMITTENT SIREN

PANEL CUT-OUT 6.757 WIDE BY 13.875" CONTACT CIMCO

HI-POT TEST' 1500 VAC, 60HZ1 60 SEC.

"TEST NOTES
' DURING HI-POT TEST; DO NOT INCLUDE THE THERMOCOUPLE

TERMINALS IN THE TEST.
- DURING IMPULSE TEST; DO NOT CONNECT THERMOCOUPLE

TERMINALS TO GROUND. C-42



r 7.93"

•j - E")NOTESf8 NATIONAL INDUSTRI 1. FAPATEIS0.60'

BRUSHED ALUMINUM.
AUTO 2. LETTERIN3 IS SLIOHTLFANS POR SMALLER IN SCALE THI

OFF 0ON THAN SHOWN.

MLAN 03. BOX IS 4" DEEP.
PUSH TO F 1 T4. BOXIS6-1/2"X II-

tJA SILENCENS 3iS. TYPE "E" THERMOCOUTSILENCE J.L.. ON IS STANDARD.A 
6. FUSE DOES NOT

PUSH 0 WNDING TEMPERATLIR 'C INTERRUPT POWER Ti
AND HOLD ALARM INSTRUMENT.
A HLD TIES7. ALARM EMITSAN

UELF TEST INTERMITTENT HIGH
CHECK O TRIP PITCHED SIREN TYPE

SET-POINTS 0 OF SOUND RATED AT
90 clb.

P_ I USH % MAXIMIUI• 0 P 8. ALL LIGHTS ARE LED"'

TORMAD TEM"ERATUE TO RESET 9. DIGITAL METER IS LE[in MEMORY

IETER WILL AUTOMATICALLY MAD PHASE WiTH HIGHEST TEMPERAT'U E

PUSH SWITCHES TO READ OTHER PHASES
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1.0 INTRODUCTION Additionally al applicable safety procedures such as
OSHA reo-iirements repio~a and local safety requirements

Th)e three -,ase pacln-o),nted cltsrin-i-,;or t~aristo'er is sate wo-Kinc pra-ctices a~nd 000od udgement must be usec bý
ces-,e dm I 'O\ e~ect'ca se,, c Crý C" e,~on c'ild r.-t SL;ch oersonne!
n,!on. svm'slt Trie t'anS*0rrne' i5 oeý,,zined to, ou~ldoci

o-a vac P'a', an seconcla'ý canies enle' to~e 3.0 RECEIVING
tra-hstprme' corn )a-!rnen' trc'h tieý,ý i",tnour opeienns i ___________________________

!,epal. A; exrposed fe pa-ls a'e ccrr-niete,ý enclosed: in _SOMEOY
tar ene-res.sta"', caninets ý%,n p'o, s~ons tor padiocx'nzl 'SNXAE JACKS ON ANY-PfRT.

7neRANSF.ORME OTHER THAN THE UFTING H11OKS6!
Th -rasne's described hereinl are designed tor the .ORACIN. .ASPOiE O HSPROE

condt~lons no'n'a}\ e~co,ýnieredl cr electric. utiitý povwe' OMROJACMNGPAIS PORIE FACIN 3 ANCAUR SE.1
Vist' ý-jt,or svste-ns As sucr, tnev are suitatile tor use uinder SEVE11RE'INJURY ND POERTY IN ,ANCUSY

ine ~sua: serv~ce conaotions cesc't~ec in ANSI C57 12 00
,Geiera. Fleaurements to, Liou~cl-Immersed O~stribution
Power anc Reouialinc Transformers, All othe' conditions The transformers are normally lsnipped compietely assernb-
are conside-ea unusua Service and Sho1,udC be avoided lei and reads to instal. Eacl" transtormer should tie caretowis

inspected: upon receipt andl the transportation comrrpany not,-
2.0 SAFETY tiled ot aný clarnage tMa! has been incurred The snipping list

[- AZ 
...- . .ýL,- 

.- - -
h1ou ld be c heCec :e to, possiblie shortages

FIJLLY 7-BEFORE7'ATl`EMPTING TO INSTALL: MAIN--~ Thnree-rhase transtormers are nlormally shipcedl on a calle:

ý?,TAINK;OPRAA OR SERVICE THE TRANSFORMER.-' Palletizedl transiormers in these ratings mnay be mnoved reacuiv
FAILURE.0OOLLOW INSTRUCTIONS CAN CAUSE ib, a itti truck c-aie or car: The lilting hooks supviieOl or the

SSEVERE -IJRY.DEATHOR PROPERTY DAMAGE. sdles a! the translormer enable it to be litted by crane

Be sure the device chosen has toe cap)acity to Itft or move.
Kee, this Instructon Book available to those responsibie the complete unit (Weighit is shown on the namepiate

tor the installation maintenance operation. and sers.ice ot the
tansformer Safety as clefine: in this instruction Book Lift the transformer utilizing all the hooks and use proper

involves two condition spreaders to obtain a vertica:l itt

11Persona injury
2 Poduct or property camage

SEE IMPORTANT 0 ISCLAIMEP OF WARRANTIES AND
LIM TATION Or LIABILITY' ON PAGE 12

Safety notations. inended, to aierý personnel of possibie
:persoal injury deat o 0 property damage have been in-
seted: in the instrucona. ext poior to the step in which the
condition is cited These satetv notatco~s are headed by one
ol three hazard intensit leveis which are dletined: as follows Lifting

N. -~. Hooks

,2. WARNING -Hazard or unsafe practice whlch can
emcu". severe personal Injury,¶ death or aubstantial .~"' Jacking
properly ds:>meffi:ý_ Boll - Pads

3. CAUTION - Hazard or unsafe practice which will or
can cause minor personal injury or minor property
damage.

Fig. 1

7n -arhip 'ocp o[Pe'a'ed an:: serviced oniý by
c"eelpe'soneý !a"-, 3' w%-! gocd satety, practices Tl~s translo'rne, has been turnisoied withl a poenta-heaz!

7nese nst'uci-ýohs a'e Arite'- 'd 5..., De~sonnef and a'e hot lockmc; boo!ha: mi;s! be ýoosened to oplen the compartment

intended as a lotstjt a' aec.,te trahninc and expe,,ence Tnis bolt C3- te tu',ned with!, a standardl ;:entahead soc~eot
;ýthe use o, to's edii:Sh~oud cia'ification or tubie' (wrench) as used widely in the u~irit industry Socke~s can)
nto--a!,o" ti)e reco'ed o, s,-oui -cni~erns a'ise Ar~chl a'e be orptaihecd trom the Sna;p-On Company (tool s:62191, or

no, cave'e sý ch, o0-,the use,'s purpose rete' the mnat- e:;uiaient,
te' tO the ABS Powe' 7&: Ooimpa-v Inc Wh~en communicat-

i--wt" A~BE 'e-aOdnC the :prodC.,- covered by, this Irstruc-
t~o'- Bok aways include the foliowing itemnsof informiation1
t'pmr t'e !,a'-s''-re's narneplate Serial nu~mber style

hu'hber 'VA ratna hid"' vo:taae and low voltage ratings
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Page 3

4.0 EXTERNAL INSPECTION 6.0t;TORAGE

The t'a-sformer should ve stored compietelý assemblec
N QkTE CRLUUST8j~kT HEM tank sealed and car.netrv closed, as tnOLi~r1 l were e)e'-

-~rCVOLTAG.E'_S APPUEiD TO- ozec and at its permanen! location Transformers snoulc nOt,

-H AER7ZA11'~g-;V'-Mbe 
stackee: on op of one another, and care must be exercised

~ONA~IL.~~E 9o s*pr 0 e~ven submersion in water Thie transformer snojinc oe

P P INJR D II.S stred ona soiic level foundation

in the event a transformer is to be held in storage to' a
period in excess of one (1 year. it is recommendled tne space

The oil leve' should be checked by removino the oil level anove the Oil oe pressurized with dry air to two (2' to three (3)
pluo located az the 25 ýC level Any unit which does not have psig This will prevent moisture ingress due to negative
tne procer o"l level should be checked for lealks anc refilled pressure.
throudh tne vent plug before piacinc in service Use only Tetasomrw1 erayfrsriea n iepo
c-.ality o!! per ASTNI 03487 when adding oil tc the trans-TetrnomewIbeedyfrevieaantmero
forme' The transformer wasfilledor processed atthefactory vidled it has received the inspections out~ined in' Sections 40Q
with non-POE dielectric fiuid in accordance with Federal and Section 7 0 fhru 7 7
Polvchlorni-ated B,-pnenvl IOOBI Regulations 40 CFR 761. e!

sec; The non-POEB fiui contained less than Ippm at time of 7.0 .NSTALLATION
processing or tilling The owner shouid take the necessary
p'ecaut~onS So tha* PCE contamination is not introduced Instaliation should Comply with the latest edition o' the
djrfnc field filling or maintenance of the transformer iAer to National Electrical Code
Fig 21

7.1 Mounting

Oil Fill WARNING FAILURE5JOP`AdVERL iMOUNT.THVI
\(Vet)Pw ~ TR NSFORMER CANCAUSE'SEVERENJURJYI'DEATh I

Oil Level Plug ORPROPRT I

Oil Level The transformers Should be mountedt on a fiat level pad
,~. 4~.strong enough to support the weight of the transformer The
'~ "~'unit should not be tilted in any-direction greater than 1.5

' '* .. . Idegrees as a greater tilt will cause deviations in liouid: level
'*~ ~ .near fuses, pressure relief devices. or othier accessori-S spe-

cifically located at or hear the 25 degree C liquid ieve!

CAUTION: DEVIATIONS IN OIL LEVEL CAN IN-
CREASE THE POSSIBILITY OF A DISRUPTIVE

Oil Drain Plug FIUE

Hip oltae Lo VolageWhen suplolied. hold down cieats or brackets should be

Figý 2 used to bolt the transformer securely to the pad (refer to Fig
31

5.0 INTERNAL TANK INSPECTION The transformer cabinet should Sit flush on tht g)ad allow-
ing no gaps which would compromise thc- tamper-resistance
0l the transformer

WARNING.* ALWAYS VENT THE TRANSFORMER BY

'zFAILURE TO 0O SO CAN CAUSE SEVERE PERSONAL
AVINJURY; DEATH OR SUBSTANTIAC PROPERTY-- Since these transfo'ners ~)tna fiarnmratle irsLJ!a'ýnz 1 'j'd

..........ý ý 7-- timnera! oil). transforme lure can caise fire ancor0 expl'o-
sion This possiiilit. sr'..id be cons~ce'ed v~nen locaiing

CAUTON.WHENA TANSORME ISOPEND. SE hese transformers in close proximilty to tuildinds 0' Publc

CARE TO PREVENT ENTRANCE OF MOISTURE OR nro Oil anaes Refer tothe ia:es'tedition cthe NaiaEec

FOREIGN OBJECTS. MOISTURE. DIRT OR FOREIGN trical Code

OBJECTS CAN WEAKEN THlE INSULATION OF A
TRANSFORMER AND GREATLY SHORTEN ITS LIFE. 7.3 Venting

vent tie transformer by manually ocieratnc th'e pressure
The tra-sforner covered by this instruction is shipped relief device normally provided or by removing thev~ent plug

-~icy for installation and does hot recluire internal inspection The transformer should be vented before it is enre'gzed if it
'-weve' if the transformer must be opened. prevent the nas been pressurized for leak test or if the unit has been

entrance of mroisture oa othler foreign material opened and resealed
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Pace 4

- Oushir terrminaiS or insulators This could loosen, the contact

Oh51t o0 carnage trie insulators

7.6 Liquid Level

Bottom of Cabinet Comp~artment nNever ocoerate c, ampy voltage to transformer if tne liquic
ieve, is oe'ov. the 25; oearee C 'iQuid level Dlug more than '
incni Check tne licluid level before the transforme' is ener-

Cleatsc zeo- to ensureC the probe, Iqjc uideve,

/ .--------- ~ ~NC7E Cold temperatures can cause the Iloilo level to
d'rOO throuach contraction. by more than '. inch when this
naboens tnce licuid shOuld be heated to allow to, expansion to
thef prooel, licluid level 01 addit~oha' lQidi is to be aaddec to

20 on 46-62 Width tr~nc thie liquic leveý uD tC with~in 'ýinchý ol tne liqj.d level
24' oh 66470 Width pJO Tri5 liQuid will then have To be rernovec wnen tre unit,

n~a5 reacned' norrma; o:eratihc teniperatlure Follow the manr-
tena-ce information i'- Section 110 Ovle adglinc and rernov-
inQ an\ licluid

Sill 7.7 Cabinet Security

==;FAIl:REO PIOERL SECURE TieZ-

CABINET MAY ALLOW-ACCESS BY UNAUTHORIZEDJ
[PERSONNEL-WHICH -CAN CAUSE SEVERE INJURY

DA OR PROdPERT'YOIAM AGE.EJI'ý

_____________________________ efol-e leavin-, the site oi an eneracoed transtorrne'. maKe
Sure tna* any Protective c' insulating ba'rrers are in blace the
can:ne! is cornO.e:ely ciosec a,-- ai, oc~inc prol.s~ons are

,cPperiy ins*.aielz

Typicl Boted leatAsseblyTne foiowing o'occedure snouio be used to assure- cabinet
Typial ottd Clat sseblysecurity

A Close the hign Noltacle flefti Color aC secure : nPlace
Fi~wttr -e caotive boilts sucppied (oentzaneac o' he)-eac)

7.4 Grounding S Cicselhe ow voialneirioht coo' aC seCurei¶'n) paCe b.
_________________________________________rotatn-, ine handle l- a ciocilwi5- di'ectio- ulii Seatec

WARNING: THE TRANSFORMER MUST 1E PROPERLY' Ia.1&E sl-ourd therneo in a ver-tical orientat~oni
GROUNDED PRIOR TO ENERGiZING. FAILURE TO; * C Toe- tle sa'etv bolt iaentapieac o' hexneadý 'ocatec in
PROPERLY GROUND CAN CAUSE SEVERE INJURY7! 3Z0KhrZ: tube until fully seatec
OR DEATH.

1- a -alocfl thO te Cc:,, ,,ar):e arc- lc~ki-
A -'~-. -. 'oo~-- 00'O Cnnet-'tune and secure

n~- :c Z a:.ScO- 5 B Cnez- no"i the nhc! andý low volitaoe coo's for ptiproc i

zn, sez~uriiy

S K".>.50.2~&E.n' 8.0 OPERATION

a-c s0.c,-c:'' Eo- - -!, ta oa -"h s s! e ra -sIor a -s' v%'~ was b u It a 7c tes.ted a c c , dano l-i c v ei
cc ts: e e- ý: :ec ia es',e's-o- 0' the following s~aniaacs oi Arne-car- Natona

7.5 Connections Sac-slst'
tS 057 1200' - General Reoutre-mers tor LQudc

-z -sa a o''cc C'~0 '~u~hC ' c'hc- l'~eredDistt'bu!,or. Power ano F-ecuiat~~ no -s
i 5,i!i tr- 's, r-as a cc :"'a t nste' thce -- Aer

vO'tSOCe c3--z*.tc-s a-:; !,a'i, t'vnc vo'tagc- cc"ec--
Itons The:'~s'- s-oic bfE re-iPlec fro- se'vCE n ANSI 057 I"790 - Test Codle to' L1ijud-lmr-C'5ed DSlr -
fevers -o t'c a~ov- "ziel"ce '- cD- n ecticnis Cal'e'uviv rulonr Power and Regulating Transformers anc Guide to'
cl-lci, th ta-siorne, '-d-o~ia'c to, i's rahnc: anc the cor- 51c.-Circutl TestInc of Distributior and Power 7rans-
nez!:D-s 'rat ca, be -acp to K: AoiC excessive stra,-Or, the fc-ne's
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7 .. . ,' , , ar ,l-tc'a 'a': " 9.2.1 Protective Link

9.0 ACCESSORIZS AND COMPONENTS WARNING: VENT THE TRANSFORMER BEFORE DIS-

TURBING THE TANK SEAL FAILURE TO 0O SO CAN

9.1 Bushings CAUSE SEVERE INJURY, DEATH OR PROPERTY
DAMAGE.

CAUTION REMOVE ALL DIRT AND FOREIGN MATE- .- -oiec!ve link is an o,.,-me~sec c :azc exL.-
RIAL FROM ALL BUSHINGS BEFORE PLACING TRANS- S s•'- .se es,:nez toSLDate v~et'a-S-'e ,',c' :hC s1" -
FORMER IN SERVICE. READ AND FOLLOW THE MAN- s .se ,ý _ eee:o a e , c ,-

UFACTURERS INSTRUCTIONS FOR INSTALLING
SEPARABLE-INSULATED HIGH VOLTAGE CONNEC- *a-- c, la.. sac o me link 1s no: oesoe:: C1

TORS DO NOT ENERGIZE THE TRANSFORMER WITH cw.a- seco'.ary faut cre": v-c~ec:*;- tz
THE SHIPPING CAPS ON THE BUSHINGS OR IN-
SERTS. DO NOT OPERATE THE TRANSFORMER v."ee- ,-s.es'"- ao, reo!a-.-nc v3tez.e n. . .a.s ,e
BEYOND THE MANUFACTURER'S RATING FAILURE "-r-''.:_ •,, acmc as*Uro."z me "'. sea' a-

TO DO SO CAN CAUSE MINOR PERSONAL INJURY OR sc: - - Ca'e snouic oc Taker o-e~en: :-e e-a-'
PROPERTY DAMAGE. mlostj'6 o, loe~cin mate-a;

9.1.1 Separable Insulated Connectors FL. '..;,the- techca rnarmatao ,e~e - -

.' ... a'e: 0'."" !o!s1 ma, be un"ve-sa' 1 u7 nIL 9.2.2 Bayonet Oil Fuse
S" -" :'a r ¢"S-'.' O" a J' Lu•"c we'P'S wv•I" nqSc',s "

sa tz:_ "'eC. Lac0 e etme- ioaCareak o" non-IloaZ'eak Ai
::-• : -. -. s" -e c,ý z-c c,ea" c' a'n c ,a •a:o '. ... . . . .

CWARNING: VENT THE TRANSFORMER BEFORE

*t-"e * L"'ea I SeL :ermnal Shou= w me rcax'- OPERATING THE BAYONET FUSEHOLDER. FAILURE-,•te.t32e.e-:. ;:ss,ýie conrar,nat,or Poic', v. thf- r•ac- t
TO DO SO CAN CAUSE SEVERE INJURY, DEATH OR

e-- "~ a•: wa',s a. te use oe I PROPERTY DAMAGE.

9.1.2 Porcelain Bushings a C-'e: C, 1,se ,s a• ,vce v. n1::SC '- E : es ' ace-e-:
a" 2- '-e'-O= e',Ljrs'o" ..SE' " 'e *" e6. "Z as ca• o-ea,

' :a-e a "rcea S'j" nQS %neo'•• , ' ro' vaea are ex 'e'- ca -a '-,h , alo wn. Sc ene, ,,ze a "z ce-energ,2z r

"a' .- oa• c a-S'S9[: n-s -. ,r evepv'a-i, 2 c E' ,,-"
", a -a-. ca:-'es e-'!e c cl a"re: 1e r ocrr,)e

0-LA . -" 'e "0 Sc --;a 'T-- 0' c s ace "ze ',.sc '2' 2,'. ca.':.'

9.2 Fuses

........... .2.3 Loadbreak Drawout Fuseholder

WARNING: OPERATION OF A FUSE MAY INDICATE A
FAULTED TRANSFORMER. DO NOT REPLACE THE ooa -'e n, ". ' cara.-",-
FUSE UNLESS THE CAUSE OF THE FUSE OPERATION z-s- - ...'e'- .... :' c ". '. C- ,-.'
IS POSITIVELY IDENTIFIEDAND CORRECTED. IFTHE - :ac-'ea, .. .-
CAUSE OF THE FUSE OPERATION CANNOT BE POSI-
TIVELY IDENTIFIED AND CORRECTED, THE TRANS-
FORMER SHOULD BE REPLACED OR RE-ENERGIZED
FROM A REMOTE LOCATION. FAILURE TO DO SO ''; -" "÷. a-." "- -" "...

CAN CAUSE SEVERE INJURY, DEATH OR PROPERTY .-

DAMAGE.

WARNING: FUSES SHOULD BE OPERATED WITHIN 9.2.4 Deadbreak Drawu, -Fuseholder
THEIR RATINGS AND REPLACED WITH FUSES HAV-

I ING EQUIVALENT VOLTAGE AND TIME-CURRENT

CHARACTERISTICS. FA'LURE TO DO SO CAN CAUSE

L SEVERE INJURY. OR PROPERTY
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Page 6

Tc iupe'ate the bavonet Loado'eak Fuseholders, it is nected to the hiah-low barrier Can be securely latched in
necessar> to raise the Hingec VWeathercover (Flip-top) place on the inside of the cover

Will" both caoinel doors fully open lover 90 dearees) Proceed with the operalinc instructions for the Bayonet
push upward or the fron? eooe ol the cover assempiý Till Loadl~reak Fuseholoer (belowA
the hincied cove, backward until tne supporting arm. con-

BAYONET LOADBREAK FUSEHOLDER

WkRING' PE HE USHO1EP1!Ek.TES INTRc~iNS.FALU DO SO CAN RESUT~
JQ EEEIJRY ,RR AE

OPERATING INSTRUCTIONS

[A1RN1NG'VENT..THF. rRANs
FORMER BEFORE OPERATINGU

I~EBAYONET FUSE )4OLDER.
[AAILUREiTO DO.SO"CAN

CAUSEf ~SEVERC E.NJU~

ATTACH HOT-LINE TOOL TO PUSH DOWN AND ROTATE THE

HANDLE EYE. STAND TO ONE HANDLE 90c CLOCKWISE IN THE
ISIDE AND UNLOCK THE HANDLE HOUSING TO BREAK ANY ADHE-

SION BETWEEN THE GASKET AND
THE HOUSING

TO REPLACE FUSE TO REINSTALL FUSEHOLDER

/INSTRUCTIONS FOR REPLACING ATTACH HOT-LINE TOOL TO HAN-
FUSE ELEMENT ARE PACKED DLE EYE STAND TO ONE SIDE
WITH EACH REPLACEMENT 9USE AND PLACE TEFSHLE

IFOLLOW THE FUSE MANUFACT- END JUST THSIE FUHEHOLSIER
URER S INSTRUCTIONS

RAPIDLY PUSH THE FUSE7HOLD-
ER IN UNTIL DUST CAP SEATS

DUST AGAINST HOUSING

C AP PUSH DOWN AND ROTATE THE
LOCKING HANDLE HOOKING IT
OVER THE SHOULDER OF THE
HOUSING

IEPK 7H= "SE~O Z)7=C OUT
ADPROXIMA-EYE 700'E\ THEI
CiRCUIT VWA; A F:EI.'SECO)NDS
"cOP OIL 7TO -RAiN BACK INTO

HETANK 7-EN C3IM!PE7E:LY

When Ine bavor'el ope~atrons a~e compleled release the down (The upper hich-voltaae door bolt, Should engage
latch on tnie 9inaec Weathercove, by tilting the cover Sloighly THROUGH the hole in Tne Hinged Wvealnercover.)
back~wards Lower the cover, making sure it is all the way

Fig.'
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Page 7

CLT TYPE LOADBREAK DRAWOUT FUSEHOLDER

Dust Cap Spring Contact

Hook Eyes

Insulating Bayonet Contact Probe

QNý MiiiiiADOEqkEUE~?D,ýNTRUCT1O--sC.5

_E~TDDO SO CAN RESULT IN SEVERE Itaim h

OPERATING INSTRUCTIONS

LOADBREAK A
T TACH HOT-LINE TOOL TO HOOK EYE RAPIDLY WITHDRAW FUSEHOLDER

ASSEMBLY COMPLETELY FROM HOUSING

LOADMAKE A"TACH H07-LINE TOOL TO HOOK EYE. INSER' END OF FUSEHOLDER UNTIL

CONTACT SPRING HAS JUST ENTERED HOUS:- RAPIDLY PUSH ASSEMBLY
S'RAIGHT INTO HOUSING UNTIL DJST CAP SE-TS AGAINST HOUSING AND
GROUNDING CLIP

TO REPLACE FUSE DISASSEMBLE BY UNSCREWING FUSE FROM INSULATING BAYONET

AND CONTACT PROBE REPLACE BLOWN FUSE WITH NEW FUSE OF

EQUIVALENT RATING AND CHARACTERISTICS REASSEMBLE BY TIGHT-
LY SCREWING NEW FUSE ONTO INSULATING BAYONET AND CONTACT

PROBE

FIG. 5

NX TYPE LOADBREAK DRAWOUT FUSEHOLDER

Dust Cap Locking
Set Screws

Hook Eye CF-443E s ef;

Insulating Bayonet Spring Contact Contact Probe

ý-:ýWARNING: ASSEMBLE AND OPERATE FUSEHOLDERPERTHESE INSTRUCTIONS.m
FAILURE TO DO SO CAN RESULT IN SEVERE INJURY DEATH OR PROPERTY DA-IG. -

OPERATING INSTRUCTIONS

LOADBREAK ATTACH HC NE TOOL TO HOOK EYE RAPIDLY WITHDRAW FUSEHOLDER
ASSEMBLY CQvMP.ETELY FROM HOUSING

LOADMAKE ATTACH HOT-LINE TOOL TO HOOK EYE, INSERT END OF FUSE-OLDER UNTIL
CONTACT SPRING HAS JUST ENTERED HOUSING RAPIDLY PUSH ASSEMBLY
STRAIGHT INTO HOUSING UNTIL DUST CAP SEATS AGAINST HOUSING AND

GROUNDING CLIO

TO REPLACE FUSE DISASSEMBLE BY UNSCREWING FUSE FROM INSULATING BAYONET

AND CONTACT PROBE REPLACE BLOWN FUSE WITH NE" FUSE O0
EQUIVALENT RATING AND CHARACTERISTICS REASSEMBLE BY TIGHT-
LY SCREWING NEW FUSE ONTO INSU.ATING BAYONET AND CONTACT

PROBE

FIG ý
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CLT TYPE DEADBREAK DRAWOUT FUSEHOLDER
DE-ENERGIZED OPERATION ONLY

Dust Cap Spring Contact End Terminal

Hook Eye -. ' zzZj Fuse 16 1

Fuse Terminals
Insulatinc Bayonet

~U~V!REL

rWARNING: ASSEMBLE AND INSTALL FUSE AND FUSEHOLDER PER THESE INSTRUC-
TIONS. FAILURE TO DO SO CAN RESULT IN SEVERE INJURY, DEATH OR PROPERTY

DAMfAGE.

TO RE%,Z¾'E rýUSE AAC H--LINE TCOO TO HOOK EYE AND V.1THDRAv. FJSE
HCC~STRAIG-T OUT FROM HO'USING

TO REP-ACE FUISE D!SASSENIBLE BY UNSCREWING T HE FUSE FROM'HE: INSULAI-NG
SAVONET REP,-ACE THE BLOWN FUISE V. 'TH A NEA FUSE OP ECUi-
ý A..EN_ RATING AND CHARACTERISTICS REASSEVE-E e~v T IGT-q

LN zREWING FUSE ONTO THE INSULATING BAYONET
TO) INS-ALL FU'E AT-ACl HICT-LINE TOOL TO' HOOK EYE ANC PLACE FUSEHOLCEP

IN-O HOUSING PUS-ý FUSEHOLDER IN cIRNI.Y UNT;_ OUST CAP IE
SEfAE-[ AGAINS7 HOUSING AND GRO-UND CZ.IP

Fig. 7

NX TYPE DEADBREAK DRAWOUT FUSEHOLDER
DE-ENERGIZED OPERATION ONLY

Dust Cap Locking Set Screws

CFuse

S1F use Terminals
Insulalina Bavnnet Spring Contact

DANGEGkTh-ENE R3EFORE-TEREMWN"S OREREVNaOR ISTAIUW0-TE

WARNING: ASSEMBLE AND INSTALL FUSE AND FUSENOLDER PER THESE INSTRUC-
TIONS. FAILURE TO DO SO CAN RESULT IN SEVERE INJURY. DEATH OR PROPERTY
DAMAGE.

- -- -~ ~. -0-)- 7T HOOK EYE' AN: .TOA rs

- - _C;:RO1: HOUSING
%G 7- ee*- . V.IG FUSE vP -V 7HE IS.~N

EA''~ AHz E_.Ov.1.FUSE V. ANEý'. :'-SE
=A'J4i1%: L'.: _AAC-ERIS71CS RcEASSEVEE E_- 737

_E:0.- THiE INS'UATiNG 5BAvONE-

%CAL ZS L-AC -2I-HHOOcYzANZ rr :'A:

I',: -3ICUST.G PUS- cUSE_'lO-_:EP; IN rR JTLC-S CAP iS

SEA: 3A\5-!OUSiN% AN-- 3Pj

FicS
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EFD LOADBREAK DRAWOUT FUISEHOLDER

Alignment .L-....•
Ridges A. U' Hook

ES Eye

4 Brass
Fuseholder 7Screws
Assembly

OPERATING INSTRUCTIONS

..OADBREAK ATTACH HOT-L.INE TOOL. TO HOOK EYE RAPIDLY WITHDRAW FUSEHOLDER ASSEMB-Y COMPLET ELY
FROM HOUSIN5

LOADMAKE A-TACi-~ HOT-LINE TOOL TO HOOK EYE CAREFULLY POSITION ALIGNM~ENT RIDGES IN THE CORRESPOND-
ING GROOVES OF: THE HOUSING RAPIDLY PUSH THE ASSEMBLY INTO THE HOUSING UNTIL BASE OF HOOK

EYE IS FLUSH WITH HOUSING

7O REP.ACE FUSE ONLY REPLACE FUSE WITH FUSEHOLDER WITHDRAWN FROM HOUSING. D)SASSEMBLE BY REMOV-

ING THE : BRASS SCREWS AND SHROUD REDý.ACE BLOWN 97USE WiTw A NEli FUSE OF EQUAL
RATING AND CHARACTERISTICS REASSEMBLE VITH PARTS ORIENTED AS SHOWN RETIGHTENTHE
4 BRASS SCREWS

Fig. 9

This device comoDnes the hih interrupting capiabilities of a 9.3.1 EFD Switch
aeneral oiroose current-limiting fuse witrh a ory-wel fuse- TeED(xe,., ue icnet sa i nuae
molder Tne aeadoireak d'awvout is normally mechanically ThEF(EtroFueDsonet saaiisltd

nt'okzwilt, a Ioadb~reak switch Once the transformer is Ioadbreak switch available for radial feed isingle pole) A

oe--ene'cized t-v opera'ion of ne oadp~reak swict1hte safety gene'a, purpose current limiting fuse or a solid Wlade is pro-
na"le na,. oe slid to the side permitting access to the voec in the transformer connecting pole The switch) con-
tiseloicle' tacts are opened Dv drawinc oul, the connecting pole so that

they are comPleteiý free c- the switch housing. leaving a
7c e:)laze tne fuse follow the instructions shown in Figs 7 vis~be atsConnec'

anc 8To operate or replace the fuse follow tne instructions
FPof, e tec~nncal information, refer to ABE TPL 44-837 shown in Fig 9

9.2.5 Internal Partial Range Current-Limiting Fuse 9.3.2 LBOR Switch
-l-s, r~e-a arla! anc cu~ret-lmilna useis sedin The ABB LBOR is a cianc-operated two position ro'arv o:!

se',es lo - a O0, ci're)T ln~erruln device suCh) as a protec-
o 'tace The pa-na . rand e!tse is cesicneC to' clea, switcn The switch is Coieratec bv al~acninc a hiot-line too! to

~. ~-ocace ,~curen 'a,1swih te xollsn fse the external hook eve handle and rolalingto eithrethe oPen.
c~a -~ c o~e aull a.'s orl oeeroD~uSl he~ or cocseC vo~to' 1efe' toccc 1L) O:ircu connections are

az-:a le: ,E- naila ra-ocl ¶%se will onlý opierale to, sho~ or tne transfomre, na-reciate

"--a "a'''ail's'i U:)0 oe~a!.or cl a pa-ta3 rarie FoCurjn~e.techn,-aica no~natorr refe'to ABS TPL44-83-
i-sE ' re- :) enaac tne un,! ie removed fro- ser*,ice an:
1E'-1.: 'c- ASE Povwe, T&D Corrpany In, 0o, rep)ar

9.3 High Voltage Switches0

[WARNING:WHE ENERGIZINGTHE TRANS-
FO0R-MER, DO0 NOT RELY O"N' S-WITCH POSITION OR
OTHER VISUAL INDICATORS. ALWAYS ASSUME -
THAT TERMINALS ARE ENERGIZIF UNLESS

CHECKED AND GROUNDED. CONlA WITH AN -
UNGROUNDED TERMINAL CAN CAUSE E ..ECTRICAL4
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9.3.3 Tap Changer (Hookstick-operable) On a dual voltage switch Positon 1 is the low or multiple
connected Position while position 2 is th~e high 0, se'ies

________________________________________ connected Positon To change the voltage position~ proceec
as follows ireter to Figuri2 12

A De-energize trhe transformer-i' .B Back out the locking screw until it is clear of the locking

Thie tap chiaane- r~c, ies a '-ea-s ochcancling the voltaae C Pull out onl the handle until ;t will rotate
ratii c! a Iransforme' The transto'me's are normally supoied C Rotate the handle to the new positon
win tar ext.erna, , ope'aiec nc" ýo:taoe tao changer locateo
nea' tnp n)or- ',):aý rn -o Tocag asPoeda Reiease the handle

fOllaws irele' to Fig I I F Tighten the locking screw to minimize the possibility of
unintentional movement

A De-energize the transtormer

E Back OUT the locking screw until it is clear o' the locking
hole

o Turn the handle t- the oes~rec tap Position. 0~

C TIghten the locking screw to minrhze the Possiblity of
uninteriliona mo~ernen! 2o.. .

Some large-size urits are tu'nishlec with a power-trans-
former tap chanoe, d'ive whicr- recji'es pulling o! a iocking
Pin and a ful! turn of the handle for each change in tapC
position

LOCKING SCREW

9.3.5 Arc-Strangler Fused Switch

Arc-Strangler fused switch is mounted in the high voltage
compariment, The fusec disconnect(sl will have NX current-
limiting fuses Follow the McGraw Edison (Cooper

005 Inutis instructions for operating these devices

9.3.6 S & C Fused Switch

ARNINGF USE TE S'tC-OADBUSTERTOOIT
~OPRATI 1! DbiSCONNECz. FAiLuRELTo.:.Do, SO..

CAN-CAUSE SEVERE INJUY DEATH OR PROPERTY12

Fig. 11_ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _

9.3.4 Dual Voltage Switch (H ookst ick- operable) When an S & C fused switch is used follow the manufactur.
er s instructions for operating this equipmenl
when operated with th~e S & C loadouste, too this disconnect

WARNINO:,DE-ENERGIZE ThE TRANSFORMER BE--I functions as a loadoreak sw:tch)

FORE:POPER.ATING THE DUAL ýVOLTAGE'SWITCH4*
[FAILURE'T S _DO-CAN CAUSESE NitE)NJURY~ 9.3.7 Surge Arresters

The function of a surge arrester is to intercept and divert to

____________________________________Now_ ground various overvoltage transients (such as lightning
Pimasurges)I which occur on the distribution system

FPUSES MAY HAVE TO BE REPLACED WITH THOSE OF h retr ut edsonce heee iyptn
THE PROPER RATUNG.T'HE USE OFAM IMPROPERLiTharetrmutbdscncedhneehghoe-
WTPO CD~ CASEEENi~~ET4 al or induced potential tests are mace on transformers with

Oft PROPERTY'DA111AGEarets
M O M , For furthe, technical information refer to ABB PL 44-921
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9.4 Low Voltage Oil-Immersed Circuit Breaker 9.5 Pressure Relief Device

-ne t,) %-'aoe C'ý-,-"e'sec t-JSeake' is oesicnec to Trie stancard pressure reief oev ce locatec o- ime tank
ooe, !he iov, J ::doe crcý o, secon-ca'. ta,ilts o, eýcessive apove the duOll 'eve. relieves excess,ýe ne tanix ores-
ove'io~aos Tx ioA ýc ao(- n-ea~e, is rio,'ev.Eeo to protect sure anoC resea's a' a lowe' rios. s~e :p'essu'e Th)E presur
seconoar'. oA ýo!ape' ci'c.~i~s an:c con~ecsec an[ara:us reiie' oe~tce is manualiý Operate-c ný o'asonz tl-'eenoc-cazo fo
fmeters se,ýice enzrance e~jiprnerst etc ifrom therma. arlc ring i! I:rovicded and: slowv~ r- nc Ine caý away fror,- Ine

ma:ýnet: e'rects due tc Snor! CirCUi! a-cc overicoads The tank urt; pressure is re le~ec
prealke' is rma'iiý a L0-oteoive device des~gn~ec to' oni.
OCCaS~ona sA cn ooerat~ois as suc' .: is no, intenoed to, 9.6 Thermometer
trecouen' vpe~i, o, ca.iý Swi . 7n~e handle, is When suopliec a thermomneter indicates the licuid temrpera-
iocatec iir te low voltaoe comoa'tmen" anc snoi~uc be ope'- lure near the top o' the tank. The temperature sensitive eie-

ateýAlt a h,-Ir)E ooment is mounted ina leak~proof wei. permittingc remova, of the
thermometer without lowering the liauid level The device is

CAUTON: ITHTHE ECONARYCIRCIT OEN. furnished with an, additional pointer red in coior. to show the

THERE MAY BE SUFFICIENT COUPLING TO THE hoe!lmeauc tandsnels ee

WINDING TO CAUSE SHOCK FROM THE SECONDARY
TERMINALS. GROUND THE OPEN SECONDARY TER- 9.7 Liquid Level Gauge
MINALS BEFORE WORKING ON THE SECONDARYWhnsclealiudev joisoatdr.*e A

SERVICE.vo::aoe compartment to indica-te sne %aria*,on tror- the 25
decree C liquid leve

-. o, to transformner instaliatior' reset the preaker mi opeh,-
inc ahd closing it as toilows (refer to Pic 13, 9.8 Pressure-Vacuum Gauge

oc0 pe,,inthe beake' manually rotate the handle so that the When survled' a pressure gauc~eisiocate in the low voltage
P0 nte! moves from the closed to the open positon compartment anove the DuSmrncs in mhe air space The gauge

"* Tic close the breaker, rotate inc handle past the open inlcates A nether Inecgas space in, the tank is under positive
position (to rese*. the breakeni then back through the open o' negative pressure
position to the ciosec position

I' a fault c' excessive overioad exists the breaxe' will trip .Naelt
out even thouah the handie is held in the closed post1on A, namneplate is suppled on ecad- t',ansforrr'e- according to

Foliowinc a breaffe' tripout due to a Iona term overload. the ANSI standard C57 12 00-C-1Q,6- Section E i 2 Refer to the
transformer 0.i may not have had time to coo, suffiientiy 1 nael0 o rnfre aid n 'poe ohcin
a~ilo the v'eaKe' latch t,- be set making it impossible to 0' the transformer to the svsten' Nc inte'nal connections
reclose the 'eaKe' immeo~atelý should be )ade inside the transformer ot~ne' Inia. those

shown on the nameplate

CAUTION. AN EMERGENCY CONTROL HANDLE IS
PROVIDED TO RECALIBRATE THE BREAKER TO A 10.0 MAINTENANCE
HIGHER TRIP TEMPERATURE. THIS HANDLE A Periodic visual inspeCtiOn o4 the transformer is recoin-
SHOULD BE USED ONLY VWHEN ABSOLUTELY menoe= A,,suchitimes thecene's conitionofthetollowing
NECESSARY AND FOR AS SHORT A DURATION AS smcjiC be notled!
POSSIBLE, BECAUSE ITS USE CAN CAUSE A SIGNIF-
ICANT REDUCTION IN TRANSFORMER LIFE. A Hior. %oi*,aoe bisminas

E Low% voltaoe nush~inos
7Tje Dreake' ca- be recaioae to te '-ie'c~rncv position C Arresters Wi pro, ied;

by re'nofvno, tne mete' sea andc rotat':, the e'-e'cency con- DEnciosure intecrity (hinaes. locking provisions. c-or'o-
t'0 ra-Cde clockwise -. reset the b'eaxe, to its previous siarn etc
se',!,nz ret'r the elne-cenc. co.,t'o nandle to the oricinal E Evidence of oil leak~age

iss! -!t ecor-rnenced ý'a a 'eA sea rs- atozlied to thme c G-,- conniec ions
ha-31e Awen i is 'e'i-nez !c I'- no-na' ctositiOn, tc avoid G Accesso-es

o~e~l~o- e-eae-z c:l,,, HSate!, lapels
ITransfo'rne' tilt

0 CWARNING: WHEN 8' OKEN PARTS. LEAKING OIL OR

EmerencyOTHER POTENTIALLY HAZARDOUS CONDITIONS
EmerencyARE OBSERVED. REMOVE THE TRANSFORMER FROM

Control SERVICE UNTIL REPAIRS CAN BE COMPLETED.
Handle FAILURE TO DO SO CAN CAUSE SEVERE IN.' RY,

DEATH OR PROPERTY DAMAGE.

Where lank s Eow3 e. idence of rusting or deterid- - on of
0 Ithe fi's, !,e\ ma.ý be cieanec and then retouched with pamt

a~alable to' tha-purpose Wnen barermetai is exposed a
crime, shOuld inttali) be applied then retouchiing paint

Fig 13 applied
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A Le,'Oc: Cneck o ,ne 'casrc nu, Dermace oen)Suret~al 11.0 REPAIR
t,)( t'awos' mo is no* oe n: s..peztez c Kexcesss- o.e'ioa.
Piannec ovP,':aod' s'-o..Z Pc r azýc&'cancf- w' - tne ANSI
Loac-IC nc C-ue ZS_ 9' IL~~xM*Aý&TM~N REPAIR--J

V~erac." c'c ' "n' !'ne''n ow'~e-nouic take PJCDXOAI MA)SSEVERE INJU ),EATH.ORt
tnfl necessa-, p'eca,.A o-s ss na PCE c Ct-d-'ai,or' is no A :
int'::ucec!IN

-A NINkOICAMPLYHOUL IE A)MFO1,s Itne re Isoons oll tý c'tIne owner to inspect mainitain.
ORMR~V.PTR E.ENERI~ar, keep 11)e t'a's*me, il cooc rerai

E. 0iE~bN O1LI=E4ENEAGIRMER
ADZizANjAd11K -~ H7ANFRE Revp-"' al'ta iures cj;ic no ne war an: 1ie ,ct to .o ABE,

[fA1LUJR=M7O SEEENU Saies 2"rzE A; va-a-:.c 'e.ar mus* De mnacc ný ABE o, ar,
EATWOR PRA~eao.-c'vec seruice id.: i,

7co assure p'ooe, oreratocr use onri' ABE apo'ovec
Wn~eneve- feD acerre- ct lno' "alioý re-za'c ng rep acemnent paI

e-s!,rg t'ars'orr-e's a-c reo..'Cc C:2'.'0 ET E NANIE-
P-A--; Cata niýC;uc' <VA: 'a' -z Si'.E- NJt.'BEEFz SRiA:L I! s recomnmenoc Ina* the owner limit. reoa!rs to reD:acirn
NUMIBER a'o a DESZýRiF'VN 0'tne pa snou c Pe o,,en to broker parts unless tnie owner has well-trainec revair
ABE ve 'so nne.

Some i-terna' pa-ts can be 'eplacecý without comn'eielv
c-amino tne tanK in sucn cases only the tiuic necessary Ic
ex.oose tnie Dar! sflouic te cra~neC Thnere may also tie occa-
sions wnen cormpetee c'aininc of tne transforme' tank will tie
ne cessar'y

The core and COi assemnly can be repaireo or reoiaced by
ABE personnel at e~tn~e tne factory or a*, an. autheorizec: retaia,
tazwty Refer to Se'vice Po~icv 46-315 for cletas o' Contact
tne ABE Power T&Z) Compoany Inc

DISCLAIMER OF WARRANTIES
AND LIMITATION OF LIABILITY

THERE ARE NO UNDERSTANDINGS, AGREEMENTS. REPRESENTATIONS OR WARRANTIES. EXPRESS OR IMPLIED.
INCLUDING WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. OTHER THAN
THOSE SPECIFICALLY SET OUT BY 'ANY EXISTING CONTRACT BETWEEN THE PARTIES. ANY SUCH CONTRACT
STATES THE ENTIRE OBLIGATION OF SELLER. THE CONTENTS OF THIS DOCUMENT SHALL NOT BECOME PART
OF OR MODIFY ANY PRIOR OR EXISTING AGREEMENT. COMMITMENT OR RELATIONSHIP.

The information. recom men dal ions. descriptions and safety notations in this document are based on ASS's experience
and judgment with respect to transformers. THIS INFORMATION SHOULD NOT BE CONSIDERED TO BE ALL INCLUSIVE
OR COVERING ALL CONTINGENCIES-

NO WARRANTIES. EXPRESS OR IMPLIED. INCLUDING WARRANTIES OF FITNESS FOR A PARTICULAR PURPOSE
OR MERCHANTABILITY. OR WARRANTIES ARISIN G FROM COURSE OF DEALING OR USAGE OF TRADE. ARE MADE
REGARDING THE INFORMATION. RECOMMENDATIONS. DESCRIPTIONS AND SAFETY NOTATIONS CONTAINED
HERE IN Inn no event w! I ABBS be res ponsible to the user in contract, in tort (inclu ding negligence), strict liability or otherwise
for any special. indirect, incidental or consequential damage or loss whatsoever including but not limited to damage to or loss
of use of equipment, plant or power system, cost of capital. loss of profits or revenues, cost of replacement power. additional
expenses in the use of existing power facilities. or claims aaainst the user by its customers resulting from the use 0f the
information, recommenoations. descriptions and safety notations contained herein.

ASS Power TAD Company Inc
un-ce''ou'iC D I puo',ý T'a'S'orn-S C 5 A665'OHC,

uees-C'! VC 6 May. 1991
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NAVFACENGCOM SOUTIIDIV / CODE 04A, C11ARlES•T'n;, SC
NAVFACENGCOM SOUTIWESTDIV / CODE 101.1. -,AN DTF.n, CA
NAVFACENGCOM SOUTIHWESTDIV / CODE 1812, SAN IT1.G1. (-A
NAVFACENGCOM WESTDIV / CODE 102, SAN BiRIP'O. CA
NAVFACENGCOM WESTDIV / CODE 1833. SAN TIROINO, f.A
NAVFACENGCOM WESTDI' / PAC NW BR OFFC, "'r11W C;!/4'". STITAERDAT., WA
NAVFACENGCOM WESTDT / ROICC, SIT.VERDAT.F. WA
NAVFACENGCOM WESTDI' / VALDEMORO, SAN WRItN(. (CA
NAV-FUEL DET / OIC. FPO AP
NAVMAG / CODE 09, LUALUALEI, HT
NAVMAG / SCE, FPO AP
NAVMEDCLINIC / IIEAD, INDUST IYGIENF. DIV. PFAPT. IIARRnR, 111

NAVMEDCOM / NWRREG. FAC ENGR. PWD, OAKT.AND, CA



NAVNEDRSCHINSTITUTE / CODE 47, BETESDA. Mll
NAVOCEANO / LIB, NSTL, MS
NAVORDMISTESTSTA / CODE 40, WHITE SANDS MISSTJE RAN(E. NM
NAVORDSTA / INDIAN HEAD DET, MCALESTER, M,

NAVORDSTA / PWO, LOUISVILLE, KY
NAVPETOFF / SEC OFFR (CODE 20), ALEXANDRIA. VA
NAVPGSCOL / E. THORNTON, MONTEREY, CA
NAVPWC / TAYLOR, PENSACOLA, FL
NAVSCSCOL / PWO, ATHENS, GA
NAVSEACENPAC / CODE 420, SAN DIEGO, CA
NAVSEASYSCOM / CODE 51412, WASHINGTON, Dr

NAVSECGRU / CODE G43, WASHINGTON, DC
NAVSECGRUACT / CODE 31 PWO, FPO AA
NAVSECGRUACT / PWO (CODE 40), EDZELL, SCOTAND,. PO AE
NAVSECGRUACT / PWO, CHESAPEAKE, VA
NAVSECSTA / CODE 60, WASHINGTON, DC
NAVSECSTA / CODE N70, WASHINGTON, DC
NAVSHIPREPraC / SCE, FPO AP
NAVSHIPYARD / CODE 383.4, PORTSMOUTH, VA
NAVSHIPYD / CODE 106.4 STARYNSKI, PHI T.ADFT.PiTA, PA
NAVSHIPYD / CODE 202.5 LIB, BREMERTON. WA
NAVSHIPYD / CODE 308.3, PEARL HARBOR. Ml
NAVSHIPYD / CODE 450, BREMERTON, WA
NAVSHIPYD / MARE IS, CODE 440, VALLEJO, CA
NAVSHIPYD I SCE (CODE 308.2), PEARL HARnoR. Hi
NAVSHIPYD / TECH LIB, PORTSMOLUTH, NH
NAVSTA / CBU-422, WASHINGTON, DC
NAVSTA / CODE ODA2, SAN DIEGO, CA
NAVSTA / DIR, ENGR DIV, PWD, GUANTANAMO BAY. CTIRA, FPO AE
NAVSTA / ENVIR, STATEN ISLAND, NY
NAVSTA / PWO, ROTA, SPAIN, FPO AE
NAVSTA / TREASURE IS, SO. SAN FRANCISCO. CA
NAVSTA / UTIL ENGRG OFFR, ROTA, SPAIN, rP0 AF
NAVSTA PUGET SOUND / CODE 922, EVERET'r. WA
NAVSUPCEN / CODE 700A. 1, NORFOLK. VA
NAVSUPPACT / PWO, NAPLES, 7TLY, FPO AE
NAVSUPPO / SEC OFFR, LA MAD LENA. rTAT.', rFn AF
NAVSWC / CODE C83, DAHLGREN, VA
NAVSWC / CODE W42 (GS HAGA), DAHLGREN. VA
NAVSWC / DET, WHITE OAK LAB, CODE W1O. !4S11T SPRJNr,, MT)
NAVSWC / DET. WITITE OAK LAB, PWO, STTA'EIl 'PRTNC. 4D
NAVSWC / PWO, DAHLGREN, VA
NAVTECH'T'RACEN / UPSON, PENSACOLA, FT.
NAVTRASTA / PWO, ORLANDO, FL
NAVWPNCEN / CODE 2405, CHINA LAKE. CA
NAVWPNCEN / CODE 2637, CHINA LAKE. CA
NAVWPNSTA / CODE 092, CONCORD, CA
NAVWPNSTA / CODE 092, SEAL BEACH. CA
NAVWPNSTA / PWO. YORKTOWN, VA
NAVWPNSTA EARLE / CODE 092, COLTS NECK, N1
NCR / 20, CODE R70, GULFPORT, MS
NEESA / CODE 113M, PORT HVENF',E. CA
NIEDORODA, AW / GAINESVILLE, Fl,



NIST / BLDG TEChI, M1CKNIG!TT, GAITBERSBITiRP,. M10
NOAA / DIR, PAC MARINE CEN, SEATTLE, WA
NORDA / CODE 352, N9TL, MS
NORTHDIV CONTRACTS OFFICE / ROTCC, PORTSMTI-¢t-11, Nil
NOSC / CODE 94, SAN DIEGO, CA
NRL / CODE 2530.1, WASHINGTON, DC
NRL / CODE 6123, WASHINGTON, DC
NSC / CODE 02, PEARL HARBOR, HI
NSC / CODE 43, OAKLAND, CA
NSC / CODE 70, OAKLAND, CA
NUSC DET / CODE 0261, NEW LONDON, CT
NUSC DET / CODE 52, NEW LONDON, CT
NUSC DET / CODE 5202 (SCHADY), NEW LONDON. ('T

'ýAS / MCCONAHY, ARLINGTON, VA
PACIFIC MARINE TECH / M. WAGNER, DIIVAI... WA

PAULI, DC / SILVER SPRING, MD
PILE BUCK, INC / SMOOT, JUPITER, FT,
PODELL, H.I. / NEW ROCHELLE, NY
PWC / CODE 101, GREAT LAKES, IL
PWC / CODE 1013, OAKLAND, CA
PWC / CODE 110, OAKLAND, CA
PWC / CODE 420, OAKLAND. CA
PWC / CODE 421 (KIM'URA), PEARl, li,%RBOR. ITT
PWC / CODE 500, SAN DIEGO, CA
PoD / ENGR DIRECTOR, CORPUS CHRISTI, TY

SARGENT & HERKES, INC / JP PIERCE, JR, NEW ORIEANS. LA

SEATTLE PORT / DAVE VAN VLEET, SEATTLE.. WA
SHANNON & WILSON, INC / LIB, SEATTLE. WA
SPCC / CODE 082, MECHANICSBURG, PA
STATE UNIV OF NEW YORK / CE DEPT, BUFFALO, NY
SUBASE / SCE, PEARL HARBOR, HI
SURFACE COMBUSTION / V.R. DAIGAN, MAUMEF., OIf

TEXAS A&M UNIV / CE DEPT (HERBICH), COI.ICPr.. STATION. TX
TEXAS A&M UNIV / CE DEPT (SNOW), COI,.FCE STATION. TY

TEXAS A&M UNIV / ENERGY TRNG DIV (DONAI.ImSONi, UOIUSTON, TX

TEXAS A&M UNIV / OCEAN ENGR PROJ, COI,I,ECF. SFATION. TX
THE KLING-LINDQUIST, INC / RADWAN, PIII.AIW.T.PItIA. PA
TRIDENT TRAINING FAC / ANDFRSON, KTNGS nAV, rA

UNITED TECHNOLOGIES / IB, WINDSOR LOC,.S. "T
UNIV OF NEW MEXICO / NMERI (FALK), AI,BITOtItROI'E, NM
UNIV OF PENNSYLVANIA / INST ENVIRON ?'IFTIUINF. PUIII,AOET,PIIA, PA
UNIV OF RHODE ISLAND / DR. VEYFRA, KI•rTh'N. RI

UNIV OF WASHINGTON / ENGRG COT, (CARI,SONi. 'TA"I*r.F., WA
US DEPT OF lIS / FDA (FISHERY RSCII BRI. DAI IIIIN ISIAND, AT,
US DEPT OF INTERIOR / BLM, ENGRG DIV -m i. WASItINMC''N, DC
US GEOLOGICAL SURVEY / J BALES, RAIEIlI. "
US GEOLOGICAL SURVEY / MARINE GEOLOGICAl. ,FT U. PFSTON, VA
USACOE / CESPD-CO-EQ, SAN FRANCISCO, CA
USDA / FOR SVC, EQUIP DEV CFN, SAN rImAW. ('A

USN / CAPT COLIN M JONES, HONOIT.,IJ. III
USNA / SYS ENGRG, ANNAPOLIS, MD
VEDA / SUTTON, OAKLAND, CA

VENTIURA COUNTY / PWA (BROWNIE). VENTtIRA. CA



VIATEUR DE CHAMPLAIN / INST OF MARITIITI. ENnPRG, MATANE, QUEBEC
VSE / OCEAN ENGRG GROUP (MURTON), ALEXANDRIA, VA
WASTE-TECH SVCS / ENVIRON DIR (COOPER), roI,I)EN, CO
WESTERN ARCHEOLOGICAL CEN / LIB, TUCSON. AZ
WESTINGHOUSE ELECTRIC CORP / LIB, PI1'STB'RG,, PA
WOODWARD-CLYDE CONSULTANTS / R. CROSS, OAFTAND, C.A



DISTRIBUTION QUESTIONNAIRE
The Naval Civil Engineering Laboratory is revising its primary distribution lists.

SUBJECT CATEGORIES

1 SHORE FACILITIES 3D Alternate energy source (geothermal power, photovoltaic
1A Construction methods and materials (including corrosion power systems, solar systems, wind systems, energy

control, coatings) storage systems)
18 Waterfront structures (maintenance/deterioration control) 3E Site data and systems integration (energy resource data.
1 C Utilities (including power conditioning) integrating energy systems)
1D Explosives safety 3F EMCS design
1 E Aviation Engineering Test Facilities 4 ENVIRONMENTAL PROTECTION
1F Fire prevention and control 4A Solid waste management
I G Antenna technology 4B HazardousAoxic materials management
1 H Structural analysis and design (including numerical and 4C Waterwaste management and sanita tj engineenng

computer techniques) 4D Oil pollution removal and recovery
1J Protective construction (including hardened shelters, shock 4E Air pollution

and vibration studies) 4F Noise abatement
1K Soil/rock mechanics 5 OCEAN ENGINEERING
1 L Airfields and pavements 5A Seafloor soils and founcitions
1 M Physical security 5B Seafloor construction syste is :nd operations (including
2 ADVANCED BASE AND AMPHIBIOUS FACILITIES diver and manipulator tools)
2A Base facilities (including shelters, power generation, water 5C Undersea structures and materials

supplies) 5D Anchors and moorings
2B Expedient roads/airfields/bridges 5E Undersea power systems, electromechanical cables, ana
2C Over-the-beach operations (including breakwaters, wave connectors

forces) 5F Pressure vessel facilities
2D POL storage, transfer, and distribution 5G Physical environment (including site surveying)
2E Polar engineering 5H Ocean-based concrete structures
3 ENERGY/POWER GENERATION 5W Hyperbaric chambers
3A Thermal conservation (thermal engineering of buildings, 5K Undersea cable dynamics

HVAC systems, energy loss measurement, power ARMY FEAP
generation) BDG Shore Facilities

38 Controls and electrical conservation (electrical systems, NRG Energy
energy monitonng and control systems) ENV Environmental/Natural Responses

3C Fuel flexibility (liquid fuels, coal utilization, energy from solid MGT Management
waste) PRR Pavements/Railroads

TYPES OF DOCUMENTS

D - Techdata Sheets, R - Technical Reports and Technical Notes; G - NCEL Guides and Abstracts; I - Index to TOS, U - User
Guides; 0 None - remove my nar.ne

Old Address: New Address:

Telephone No.: Telephone No.:



INSTRUCTIONS

The Naval Civil Engineering Laboratory has revised its primary distribution lists. To help us verify
our records and update our data base, please do the following:

"* Add - circle number on list

"* Remove my name from all your lists - check box on list.

"* Change my address - line out incorrect line and write in correction
(DO NOT REMOVE LABEL).

"* Number of copies should be entered after the title of the subject categories
you select.

"* Are we sending you the correct type of document? If not, circle the type(s) of
document(s) you want to receive listed on the back of this card.

Fold on line, staple, and drop in mail.

DEPARTMENT OF THE NAVY
Naval Civil Engineering Laboratory
560 Laboratory Drive
Port Hueneme CA 93043-4328

NO POST'AGE
Official Business NECESSARY
Penalty for Private Use, S300 IF MAILED
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NCEL DOCUMENT EVALUATION

You are number one with us; how do we rate with you?

We at NCEL want to provide you our customer the best possible reports but we need your help. Therefore, I ask you
to please take the time from your busy schedule to fill out this questionnaire. Your response will assist us in providing
the best reports possible for our users. I wish to thank you in advance for your assistance. I assure you that the
information you provide will help us to be more responsive to your future needs.

R. N. STORER, Ph.D, P.E.
Technical Director

DOCUMENT NO. TITLE OF DOCUMENT:

Date: Respondent Organization:

Name: Activity Code:
Phone: Grade/Rank:

Category (please check):

Sponsor _ User _ Proponent - Other (Specify)

Please answer on your behalf only; not on your organization's. Please check (use an X) only the block that most closely
describes your attitude or feeling toward that statement:

SA Strongly Agree A Agree 0 Neutral D Disagree SD Strongly Disagree

SA A N D SD SA A N D SD

1. The technical quality of the report ( ) ( ) ( ) ( ) ( ) 6. The conclusions and recommenda- ( ) ( ) ( ) (
is comparable to most of my other tions are clear and directly sup-
sources of technical information, ported by the contents of the

report.
2. The report will make significant () () () () ()

improvements in the cost and or 7. The graphics, tables, and photo- ( ) ( ) ( ) ( )
performance of my operation. graphs are well done.

3. The report acknowledges related ( ) ( ) ( ) ( ) ( )
work accomplished by others. I Do you wish to continue getting M- I

NCEL reports? YES NO
4. The report is well formatted. () () () () ()

Please add any comments (e.g., in what ways can "e
5. The report is clearly %vTitten. ( ) ( ) ( ) ( ) ( ) improve the quality of our reports?) on the back of this

form.
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